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Abstract 
Problem 

To reduce the error detection rate during a cell search. 
Means to solve 

During a cell search (steps 201-203) operation that uses a first correlation detection 
method in cell search part 71, fi-equency control (steps 21 1-217) is started. In said frequency 
control, the frequency deviation between the transmission frequency of a base station to which a 
mobile station should be linked wirelessly and the reception frequency of the mobile station is 
detected (step 2 1 3), and the reception frequency of the mobile station is controlled appropriately 
to reduce the frequency deviation (step 214). When it is found that the frequency deviation drops 
below a prescribed level as detection of said frequency deviation and control of the reception 
frequency are carried out repeatedly, the correlation detection method is switched from the first 
correlation detection method to a second correlation detection method that can provide a lower 
misdetection rate of the base station than the first correlation detection method when the 
frequency deviation is below a prescribed level (step 217). 
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Key: a Start 

b Initial cell search 

c Data transmission and reception 

20 1 First step (slot synchronization) 

202 Second step (frame synchronization and identification of scramble code group) 

203 Third step (identification of scramble code) 

204 Control the frequency based on CPICH 

2 1 1 Has the scramble code been identified? 

212 Generate sample timing from the slot timing 

2 1 3 Detect the frequency deviation from the sampling result 

2 1 4 Adjust the reception frequency 

215 Frequency deviation < Afr? 

216 Has the correlation method been switched? 

217 Switch the correlation detection method 



Claims 

1 . A cell search method that searches for a base station to which a mobile station should 
be connected, characterized by having the following steps: 

a frequency control step, in which the frequency deviation between the transmission 
frequency of the base station to which said mobile station should be connected and the reception 
frequency of said mobile station is detected, and said reception frequency is controlled based on 
the detected frequency deviation; and a correlation detection method switching step, in which the 
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correlation detection method used for correlating said received signal with a prescribed code is 
switched from a first correlation detection method to a second correlation detection method when 
the absolute value of the detected frequency deviation becomes smaller than a prescribed value. 

2. The cell search method described in Claim 1, characterized by the fact that, in said 
correlation detection method switching method, the absolute value of said detected frequency 
deviation is compared with said prescribed value, and said correlation detection method is 
switched when the absolute value of said detected frequency deviation becomes smaller than said 
prescribed value for the first time. 

3. The cell search method described in Claim 1, characterized by the fact that, in said 
correlation detection method switching step, said correlation detection method is switched after a 
prescribed period of time has passed since the beginning of said fi-equency control step. 

4. The cell search method described in any of Claims 1-3, characterized by the fact that 
said base station is searched by performing the following three steps at least once: a first step, 
wherein the slot synchronization timing is extracted based on the correlation between the signal 
received from said base station and a primary synchronization code that is common to plural 
base stations; a second step, wherein the slot synchronization timing extracted in the first step is 
used for extraction of the fi^ame synchronization timing and identification of the scramble code 
group based on the correlation between said received signal and a secondary synchronization 
code composed of plural codes used for identifying the scramble code group included in said 
received signal, and a third step, wherein the scrambled codes included in said received signal 
are identified based on the correlation between said received signal and each of the scramble 
codes included in said scramble code group. 

5. The cell search method described in Claim 4, characterized by the fact that said 
frequency control step includes the following steps: 

a phase error detection step, wherein after the end of said first step, a signal obtained after 
inversely spreading said received signal is sampled plural times in synchronization with the slot 
synchronization timing extracted in said first step, and the phase error between the plural 
sampling results is detected; a fi*equency deviation calculation step, wherein said frequency 
deviation is calculated based on the phase error detected in said phase error detection step; and a 
fi-equency adjustment step, wherein said reception fi-equency is adjusted based on the fi-equency 
deviation calculated in said frequency deviation calculation step. 

6. The cell search method described in Claim 4, characterized by the fact that said 
fi-equency control step includes the following steps: 

a correlation peak detection step that is carried out in parallel with at least one of said 
first-third steps to detect the peak of the correlation between said received signal and said 
primary synchronization code; a phase error detection step, wherein the phase error between the 
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signals obtained after inversely spreading the received signal is detected at plural correlation 
peak time points detected in said correlation peak detection step; a frequency deviation 
calculation step, wherein said frequency deviation is calculated based on the phase error detected 
in said phase error detection step; and a frequency adjustment step, wherein said reception 
frequency is adjusted based on the frequency deviation calculated in said frequency deviation 
calculation step. 

7. The cell search method described in Claim 4, characterized by the fact that said 
frequency control step includes the following steps: 

an intra-symbol correlation peak detection step that is carried out in parallel with at least 
one of said first-third steps to detect the peak of correlation between said received signal and a 
partial code of less than one symbol of said primary synchronization code; a phase error 
detection step, wherein the phase error between the signals obtained after inversely spreading, 
using said partial code, said received signal at plural correlation peak points in one slot detected 
in said intra-symbol correlation peak detection step; a frequency deviation calculation step, 
wherein said frequency deviation is calculated based on the phase error detected in said phase 
error detection step; and a frequency adjustment step, wherein said reception frequency is 
adjusted based on the frequency deviation calculated in said frequency deviation calculation step. 

8. The cell search method described in Claim 4, characterized by the fact that said 
frequency control step includes the following steps: 

an intra-symbol correlation peak estimating step that is carried out in parallel with at least 
one of said first-third steps and uses the slot synchronization timing extracted up to that time in 
the processing of the first step to estimate the correlation peak point between said received signal 
and the partial code of less than one symbol of said primary synchronization code; a phase error 
detection step, wherein the phase error between the signals obtained after inversely spreading, 
using said partial code, said received signal at plural correlation peak points in one slot estimated 
in said intra-symbol correlation peak detection step; a frequency deviation calculation step, 
wherein said frequency deviation is calculated based on the phase error detected in said phase 
error detection step; and a frequency adjustment step, wherein said reception frequency is 
adjusted based on the frequency deviation calculated in said frequency deviation calculation step. 

9. The cell search method described in any of Claims 1-8, characterized by the fact that 
said first correlation detection method is a partial correlation detection method that calculates the 
correlation using a unit less than one symbol, and 

said second correlation detection method is a fiiU phase detection method that calculates 
the correlation using one symbol as the unit. 

10. A cell search device used for searching a base station to which a mobile station 
should be connected, characterized by having the following: 
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a frequency deviation detection means that detects the frequency deviation between the 
transmission frequency of the base station to which the mobile station should be connected and 
the reception frequency of said receiving station; a reception frequency control means that 
controls said reception frequency based on the frequency deviation detected by said frequency 
deviation detection means; and a correlation detection method switching method that switches 
the correlation detection method used for correlating said receiving signal with a prescribed code 
from a first correlation detection method to a second correlation detection method when it is 
found that the frequency deviation detected by said frequency deviation detection means is 
smaller than a prescribed value. 

11. The cell search device described in Claim 10, characterized by the fact that said first 
correlation detection method is a partial correlation detection method that calculates the 
correlation using a unit less than one symbol, and 

said second correlation detection method is a full phase detection method that calculates 
the correlation using one symbol as the unit. 

12. A mobile communication terminal device equipped with a receiving means that 
receives signals transmitted from a base station and the cell search device described in Claim 10 
or 1 1 that performs cell search based on a signal received by said receiving means. 

Detailed explanation of the invention 
[0001] 

Technical field of the invention 

The present invention pertains to a cell search method and a cell search device, as well as 
mobile body terminal device. More specifically, the present invention pertains to a cell search 
method used by a mobile station in a code division multiple access (CDMA) communication 
system, a cell search device using said cell search method, and a mobile body terminal device 
equipped with said cell search device. 

[0002] 
Prior art 

In recent years, in the mobile body communication field, the wideband-code division 
multiple access (W-CDMA) system that uses the direct spread-code division multiple access 
(DS-CDMA) system and expands the spread band to 5 MHz has attracted a lot of attention. For 
code division multiple access including said W-CDMA, a mobile station performs a cell search 
that specifies a base station for wireless connection when the power is turned on or before 
entering soft handover or in the intermittent receiving mode. The cell search performed by the 
mobile station when its power is turned on is known as an initial cell search. 
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[0003] 

As shown in Figure 22, said cell search is performed using signals sent from each base 
station via a pilot channel (CPICH) that is common for each base station, a first synchronization 
channel (P-SCH), and a second synchronization channel (S-SCH). For the signals sent from each 
base station, the signals of said channels are superimposed on each other. 

[0004] • 

Here, the common pilot channel is used by each base station to repeatedly transmit a chip 
array that reflects the scramble codes assigned to each base station in frame units. The first 
synchronization channel is used by each base station to repeatedly transmit a chip array (primary 
synchronization codes (PSC)) obtained by spreading a common symbol between the base 
stations using a prescribed spreading code that is common to the base stations in synchronization 
with a slot period. The secondary synchronization channel is used by each base station to 
sequentially transmit repeatedly in fi^ame vmits a chip array (secondary synchronization codes 
(SSC)) composed of a prescribed Hadamard matrix (for example, a 256 x 256 Hadamard matrix) 
used for assigning a scramble code to each base station and a prescribed common series in 
synchronization with the slot period. 

[0005] 

The mobile station (referred to as "terminal" hereinafter) that receives the signals sent 
from base stations via said common pilot channel, primary synchronization channel, and 
secondary synchronization channel performs a cell search. A long time is required for initial 
synchronization and for searching for the base station that should be connected wirelessly in the 
initial cell search among said cell searches. The cell search method for decreasing the initial cell 
search time, shown in Figure 23 is disclosed in "Mori Imai: Analysis of cell search 
characteristics in a W-CDMA cellular system. Electronic Information Communications Society 
Journal, Vol. J83-B, No. 9, pp. 1245-1257, September 2000." 

[0006] 

In this cell search method, as shown in Figure 23, first, in step 201, the correlation 
between the received signal and the primary synchronization code prepared in the mobile station 
is detected. Then, based on said detection result, the slot synchronization timing (referred to as 
"slot timing" hereinafter) regarding the signal received from the base station that should be 
connected wirelessly is extracted (first step). 
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[0007] 

Then, in step 202, the slot timing detected in step 201 is used to detect the correlation 
between each secondary synchronization code candidate and the received signal for each slot. 
Then, based on that detection result, the frame synchronization timing (referred to as "frame 
timing" hereinafter) regarding the signals received from a base station for wireless connection is 
extracted, and the scramble code group having the scramble codes used by said base station is 
identified (second step). 

[0008] 

Then, in step 203, the frame timing detected in step 202 is used to detect the correlation 
between the received signal and each scramble code candidate included in the scramble code 
group detected in step 202. Then, based on that detection result, the scramble codes used by the 
base station that should be connected wirelessly to the mobile station are identified (third step). 

[0009] 

Subsequently, in step 204, the frame timing detected in step 202 and the scramble codes 
identified in step 203 are used to receive the received signal component regarding the common 
pilot channel. Based on that processing result, frequency control is performed to match the 
reception frequency of the mobile station with the transmission frequency of the base station 
whose scramble codes have been identified. 

[0010] 

After said frequency control, data are transmitted and received between the mobile 
station and the base station. 

[0011] 

However, in the aforementioned first-third steps during the initial cell search, since 
frequency synchronization is not performed between the transmission frequency of a base station 
for wireless connection and the reception frequency of the mobile station, a small frequency 
deviation between these frequencies cannot be guaranteed. Therefore, if the frequency deviation 
is large in the initial cell search, the correlation detection accuracy in each of said three steps will 
deteriorate, and the misdetection rate is high in cell searching. 

[0012] 

Therefore, a method that partially correlates only the chips of a prescribed part within one 
symbol instead of totally correlating all of the chips in one symbol and that is limited to the 
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first-third steps in at least the initial cell search is disclosed in "Y. Wang and T. Ottosson: Cell 
Search in W-CDMA, IEEE Journal on Selected Areas in Communication, Vol, 1 8, No. 8 August 
2000." 

[0013] 

Problems to be solved by the invention 

Compared with the conventional method that totally correlates, said method that partially 
correlates can lower the cell misdetection rate if the fi*equency deviation is significant. 

[0014] 

However, with only partial correlation, full advantage cannot be taken of the original 
process gain of the system on the assumption of total correlation. Therefore, the S/N ratio is 
usually low. 

[0015] 

Also, the frequency deviation during the initial cell search is usually different at each 
mobile station terminal. Even at the same mobile station terminal, the firequency deviation during 
the initial cell search may still vary depending on the environmental conditions and the like 
during use. 

[0016] 

Consequently, with only partial correlation, the misdetection rate during the initial cell 
search performed by the mobile station terminal is not necessarily lower compared with the case 
of total correlation. For example, if the frequency deviation is small enough, with only partial 
correlation, the misdetection rate during the initial cell search will increase compared with the 
case of total correlation. 

[0017] 

The first objective of the present invention is to solve the aforementioned problem by 
providing a cell search method and a cell search device that can lower the misdetection rate and 
search the base station for wireless connection. 

[0018] 

The second objective of the present invention is to provide a mobile body terminal device 
that can lower the misdetection rate and search the base station for wireless coimection during 
communication carried out via a mobile body communication network. 
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[0019] 

Means to solve the problems 

The present invention provides a cell search method that searches for a base station to 
which a mobile station should be connected and includes the following steps: a frequency control 
step, in which the frequency deviation between the transmission frequency of the base station to 
which said mobile station should be connected and the reception frequency of said mobile station 
is detected, and said reception frequency is controlled based on the detected frequency deviation; 
and a correlation detection method switching step, in which the correlation detection method 
used for correlating said received signal with a prescribed code is switched from a first 
correlation detection method to a second correlation detection method when the absolute value of 
the detected frequency deviation becomes smaller than a prescribed value. 

[0020] 

According to this method, the first correlation detection method is used to start the cell 
search, and the frequency control step is started in a specific period during the cell search 
operation. In said frequency control step, the frequency deviation between the transmission 
frequency of the base station to which the mobile station should be linked wirelessly and the 
reception frequency of the mobile station is detected, and the reception frequency of the mobile 
station is controlled based on the detected frequency deviation to reduce the frequency deviation. 
In the frequency control step, the detection of said frequency deviation and control of the 
reception frequency are carried out repeatedly. 

[0021] 

During said repetition, in the correlation detection method switching step, when it is 
found that the frequency deviation is smaller than a prescribed value as a result of the frequency 
control performed in the frequency control step, the correlation detection method used to 
correlate the received signal and the prescribed code is switched from a first correlation detection 
method to a second correlation detection method that can provide a lower base station 
misdetection rate than the first correlation detection method when the frequency deviation 
becomes smaller than a prescribed value. 

[0022] 

When the frequency deviation is reduced and an appropriate correlation detection method 
suitable for the value of the frequency deviation is used as described above, an appropriate cell 
search can be carried out with a reduced misdetection rate. 
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[0023] 

In the cell search method of the present invention, in said correlation detection method 
switching method, the absolute value of said detected frequency deviation is compared with said 
prescribed value, and said correlation detection method is switched when the absolute value of 
said detected frequency deviation becomes smaller than said prescribed value for the first time. 

[0024] 

Also, in the cell search method of the present invention, in said correlation detection 
method switching step, said correlation detection method is switched after a prescribed period of 
time has passed since the beginning of said frequency control step. 

[0025] 

In the cell search method of the present invention, said base station is searched by 
performing the following three steps at least once: a first step, wherein the slot synchronization 
timing is extracted based on the correlation between the signal received fi'om said base station 
and a primary synchronization code that is common to plural base stations; a second step, 
wherein the slot synchronization timing extracted in the first step is used for extraction of the 
frame synchronization timing and identification of the scramble code group based on the 
correlation between said received signal and a secondary synchronization code composed of 
plural codes used for identifying the scramble code group included in said received signal, and a 
third step, wherein the scrambled codes included in said received signal are identified based on 
the correlation between said received signal and each of the scramble codes included in said 
scramble code group. 

[0026] 

In this case, said frequency control step can include the following steps: a phase error 
detection step, wherein after the end of said first step, the signal obtained after inversely 
spreading said received signal is sampled plural times in synchronization with the slot 
synchronization timing extracted in said first step, and the phase error between the plural 
sampling results is detected; a fi'equency deviation calculation step, wherein said fi-equency 
deviation is calculated based on the phase error detected in said phase error detection step; and a 
frequency adjustment step, wherein said reception fi'equency is adjusted based on the fi'equency 
deviation calculated in said frequency deviation calculation step. 



[0027] 

Also, said frequency control step can include the following steps: a correlation peak 
detection step that is carried out in parallel with at least one of said first-third steps to detect the 
peak of the correlation between said received signal and said primary synchronization code; a 
phase error detection step, wherein the phase error between the signals obtained after inversely 
spreading the received signal is detected at plural correlation peak time points detected in said 
correlation peak detection step; a frequency deviation calculation step, wherein said frequency 
deviation is calculated based on the phase error detected in said phase error detection step; and a 
frequency adjustment step, wherein said reception frequency is adjusted based on the frequency 
deviation calculated in said frequency deviation calculation step. 

[0028] 

In addition, said frequency control step can include the following steps: an intra-symbol 
correlation peak detection step that is carried out in parallel with at least one of said first-third 
steps to detect the peak of correlation between said received signal and a partial code of less than 
one symbol of said primary synchronization code; a phase error detection step, wherein the phase 
error between the signals obtained after inversely spreading, using said partial code, said 
received signal at plural correlation peak points in one slot detected in said intra-symbol 
correlation peak detection step; a frequency deviation calculation step, wherein said frequency 
deviation is calculated based on the phase error detected in said phase error detection step; and a 
frequency adjustment step, wherein said reception frequency is adjusted based on the frequency 
deviation calculated in said frequency deviation calculation step. 

[0029] 

Moreover, said frequency control step can include the following steps: an intra-symbol 
correlation peak estimating step that is carried out in parallel with at least one of said first-third 
steps and uses the slot synchronization timing extracted up to that time in the processing of the 
first step to estimate the correlation peak point between said received signal and the partial code 
of less than one symbol of said primary synchronization code; a phase error detection step, 
wherein the phase error between the signals obtained after inversely spreading, using said partial 
code, said received signal at plural correlation peak points in one slot estimated in said 
intra-symbol correlation peak detection step; a frequency deviation calculation step, wherein said 
frequency deviation is calculated based on the phase error detected in said phase error detection 
step; and a frequency adjustment step, wherein said reception frequency is adjusted based on the 
frequency deviation calculated in said frequency deviation calculation step. 
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[0030] 

In the cell search method of the present invention, said first correlation detection method 
is a partial correlation detection method that calculates the correlation using a unit less than one 
symbol, and said second correlation detection method is a full phase detection method that 
calculates the correlation using one symbol as the unit. 

[0031] 

The present invention also provides a search device used for searching a base station to 
which a mobile station should be connected, characterized by having the following: a frequency 
deviation detection means that detects the frequency deviation between the transmission 
frequency of the base station to which the mobile station should be connected and the reception 
frequency of said receiving station; a reception frequency control means that controls said 
reception frequency based on the frequency deviation detected by said frequency deviation 
detection means; and a correlation detection method switching method that switches the 
correlation detection method used for correlating said receiving signal with a prescribed code 
from a first correlation detection method to a second correlation detection method when it is 
found that the frequency deviation detected by said frequency deviation detection means is 
smaller than a prescribed value. 

[0032] 

The frequency deviation detection means detects the frequency deviation between the 
transmission frequency of the base station to which the mobile station should be wirelessly 
linked and the reception frequency of the mobile station. Based on the detected frequency 
deviation, the reception frequency control means controls the reception frequency of the mobile 
station appropriately to reduce the frequency deviation. Then, when it is found that the frequency 
deviation is smaller than a prescribed value, the correlation detection method switching means 
switches the correlation detection method used in correlating the received signal and the 
prescribed code from a first correlation detection method to a second correlation detection 
method that can provide a lower base station misdetection rate than the first correlation detection 
method when the frequency deviation becomes smaller than a prescribed value. In other words, 
the cell search device uses the cell search method of the present invention for cell searching. 
Consequently, when the frequency deviation is reduced and the appropriate correlation detection 
method suitable for the value of the frequency deviation is used as described above, appropriate 
cell searching with a reduced misdetection rate can be executed. 
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[0033] 

In the cell search device of the present invention, said first correlation detection method 
is a partial correlation detection method that calculates the correlation using a unit less than one 
symbol, and said second correlation detection method is a full phase detection method that 
calculates the correlation using one symbol as the unit. 

[0034] 

The present invention also provides a mobile communication terminal device equipped 
with a receiving means that receives signals transmitted from a base station and the cell search 
device of the present invention that performs cell search based on the signals received by said 
receiving means. 

[0035] 

Based on the signals sent from the base station and received by the receiving means, the 
cell search device of the present invention performs appropriate cell searching with a lowered 
misdetection rate. Consequently, during communications carried out via a mobile body 
communications network, the search for the base station that should establish a wireless link can 
be carried out appropriately while lowering the misdetection rate. 

[0036] 

Embodiment of the invention 

The knowledge of the present inventors used in embodiments of the present invention to 
be described later will be explained first before explaining the embodiments of the present 
invention. Based on the knowledge obtained from research conducted by the present inventors. 
Figure 21 shows the relationship between the misdetection rate of a base station (cell) during cell 
search and the frequency deviation between the transmission frequency of the base station and 
the reception frequency of the self-station, that is, the mobile station, in the case of partial 
correlation in the first-third steps of said initial cell search and in the case of total correlation in 
all of said steps. In Figure 21, the case of total correlation is shown by the solid line, while the 
case of partial correlation is shown by the broken line. 

[0037] 

As can be seen from Figure 21, if the absolute value of the frequency deviation is smaller 
than Afx, the misdetection rate is lower in the case of total correlation. If the absolute value of the 
frequency deviation exceeds Afj, the misdetection rate is lower in the case of partial correlation. 
Of course, the value of Afj varies if the circuit configuration used for cell search is different in 
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company with variation in the model of the mobile station. It also varies depending on the type 
of partial correlation carried out. 

[0038] 

However, if the mobile station is of the same model and the type of partial correlation 
calculation is determined, value Afr is almost the same despite small variations in the use 
conditions. Although calculation of said value of Afj is not possible in the design stage, said 
value can be obtained by means of experimentation or the like at least in the trial production 
stage. 

[0039] 

Also, with switching of total correlation and partial correlation corresponding to the value 
of the frequency deviation, the overall misdetection rate will be lowered in a frequency deviation 
range wherein the occurrence of frequency deviation is predicted. From this point of view, the 
type of partial correlation to adopt can also be determined depending on experimentation or the 
like, at least in the trial production stage. 

[0040] 

The embodiments to be explained below take advantage of the aforementioned 
knowledge of the present inventors. 

[0041] 

First embodiment 

The first embodiment of the present invention will be explained based on Figures 1-15. 

[0042] 

Figure 1 shows the schematic configuration of a portable phone terminal 10 as the mobile 
station in the first embodiment. As shown in Figure 1, said portable phone terminal 10 is 
equipped with antenna 12, duplexer (DUP) 14 connected to said antenna 12, received signal 
processing part 20 and transmitted signal processing part 40 connected to duplexer 14. 
Duplexer 14 separates the current related to the transmitted signal and flowing from transmitted 
signal processing part 40 to antenna 12 from the current related to the received signal and 
flowing from antenna 1 2 to received signal processing part 20 to prevent mixing of signals. 



[0043] 

Also, portable phone terminal 10 is equipped with voice modulator 55 connected to 
transmitted signal processing part 20 [sic; 40] and microphone 56 connected to said voice 
modulator 55. After voice input via microphone 56 is converted to digital code in voice 
modulator 55, it is supplied as transmitted voice data to transmitted signal processing part 40. 

[0044] 

Also, portable phone terminal 10 is equipped with voice demodulator 35 connected to 
received signal processing part 20 and speaker 36 connected to said voice demodulator 35. The 
voice data converted to digital code output from received signal processing part 20 are converted 
into analog voice signals in voice demodulator 35 and are reproduced into voice by speaker 36. 

[0045] 

Portable phone terminal 10 is also equipped with a control part 60 that controls the 
operation of the entire terminal. Said control part 60 is comprised of a CPU for control, read-only 
memory (ROM), and random access memory (RAM) and the like (not shown in the figure). An 
input device 61, such as a keyboard, and a display device 62, such as a liquid crystal display, are 
connected to control part 60. When the user of portable phone terminal 10 operates input 
device 61 to notify control part 60 of the input data, control part 60 will display the data content 
on display device 62 or supply them to transmitted signal processing part 40 corresponding to the 
type of notified data. For example, when input device 61 is operated to notify the telephone 
number data of the callee, control part 60 will display the input telephone number on display 
device 62 for confirmation by the operator. Subsequently, when a call request is notified via 
input device 61, control part 60 supplies the telephone number data of the callee to transmitted 
signal processing part 40 at an appropriate timing. 

[0046] 

Portable phone terminal 10 is also equipped with a basic clock generator 39 that 
generates a basic clock signal with reference to the transmission/receiving operation timing in 
transmitted signal processing part 40 and received signal processing part 20. Said basic clock 
generator 39 comprises a voltage control crystal oscillator (VCXO). The frequency of the basic 
clock is controlled by fi*equency control signal VCS output fi-om received signal processing 
part 20. 
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[0047] 

Said transmitted signal processing part 40 is equipped with spread modulator 41 that 
spreads the transmitted signal, analog/digital [sic; digital/analog] converters (D/A converters) 
421, 42Q that convert the digital signals of in-phase component (I component) and quadrature 
component (Q component) output from the spread modulator into analog signals, and low-pass 
filters (LPF) 431, 43Q that eliminate high-frequency noise of the analog signals output from said 
D/A converters 421, 42Q. 

[0048] 

Also, transmitted signal processing part 40 is equipped with a quadrature modulator 
(QPM) 44 that performs QPSK (quadrature phase shift keying) modulation to the I component 
signal and Q component signal output from LPF 431, 43Q, variable amplifier 45 that can amplify 
the signal output from said QPM 44 to a prescribed level, band-pass filter (BPF) 46 that 
eliminates frequency components outside a prescribed frequency range included in the signal 
output from variable amplifier 45, and mixer 47. 

[0049] 

Transmitted signal processing part 40 is equipped with a transmission frequency 
synthesizer 52 that operates with the frequency of the basic clock signal supplied from basic 
clock generator 39 used as the transmission frequency. The output of said transmission frequency 
synthesizer 52 is supplied to quadrature modulator 44 and mixer 47. When QPSK modulation is 
performed in said quadrature modulator 44 in synchronization with a signal supplied from 
transmission frequency synthesizer 52, the modulation depends on the transmission frequency. 
Also, the signal sent from BPF 46 is mixed in the mixer with the signal supplied from 
transmission frequency synthesizer 52. 

[0050] 

Transmitted signal processing part 40 is equipped with band-pass filter (BPF) 48 that 
eliminates frequency components outside a prescribed frequency range included in the signal 
output from mixer 47, variable amplifier 49 that can amplify the signal output from said BPF 48 
to a prescribed level, and power amplifier (PA) 50 that amplifies the signal output from said 
variable amplifier 49. 

[0051] 

When a transmitted voice signal obtained by modulating (for example, PCM modulation) 
the voice input from microphone 56 by voice modulator 55 or a transmitted data signal supplied 



from control part 60 is received in transmitted signal processing part 40, it is spread sequentially 
by spread modulator 41 and is converted into a waveform signal output to the base station. The 
signal output from transmitted signal processing part 40 is transmitted as a radio signal to the 
base station via duplexer 14 and antenna 12. 

[0052] 

Said received signal processing part 20 is equipped with low-noise linear amplifier 
(LNA) 21 that receives via duplexer 14 and amplifies a signal received as a radio signal in 
antenna 12 and band-pass filter (BPF) 22 that eliminates noise frequency components outside a 
prescribed frequency range included in the signal output from said linear amplifier 2 1 . 

[0053] 

Received signal processing part 20 is also equipped with mixer 23 that converts the signal 
output from BPF 22 into a signal with an intermediate frequency, band-pass filter (BPF) 25 that 
extracts a prescribed frequency component in the signal output from said mixer 23, variable 
amplifier 26 that amplifies the signal output from said BPF 25 to a prescribed signal level, and 
quadrature detector 27 that performs quadrature detection to the signal output from variable 
amplifier 26. Said quadrature detector 27 performs quadrature detection to a signal output from 
variable amplifier 26 to extract the in-phase component (I component) and quadrature 
component (Q component). 

[0054] 

Received signal processing part 20 is equipped with a reception frequency synthesizer 32 
that operates with the frequency of the basic clock signal supplied from basic clock part 39 as the 
reception frequency. The output of said reception frequency synthesizer 32 is supplied to 
mixer 23 and quadrature detector 27. The signal sent from BPF 22 is mixed with the signal 
supplied from reception frequency synthesizer 32 in mixer 23. The signal output from BPF 22 is 
converted into a signal with an intermediate frequency. Also, detection is performed depending 
on the reception frequency by carrying out QPSK detection in quadrature detector 27 in 
synchronization with the signal supplied from reception frequency synthesizer 32. 

[0055] 

Received signal processing part 20 is also equipped with low-pass filters (LPF) 281, 28Q 
that eliminate high-frequency noise included in the I component signal and Q component signal 
output from quadrature detector 27, analog/digital converters (A/D converters) 291, 29Q that 
convert the I component signal and Q component signal output from LPF 281, 28Q into I 
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component digital signal SinI and Q component digital signal SinQ, and inverse spread 
demodulator 30 that inversely spreads I component digital signal SinI and Q component digital 
signal SinQ output from said AID converters 291, 29Q. Said inverse spread demodulator 30 is 
connected to voice demodulator 35 and is also connected to control part 60 via internal bus 65. 
Then, inverse spread demodulator 30 supplies the voice data signal encoded corresponding to the 
voice signal sent from the callee to voice demodulator 35 and supplies the communications 
control data with the base station to a control part if necessary. 

[0056] 

In the following explanation, the I component digital signal ShmI and Q component digital 
signal SinQ output from A/D converters 291, 29Q are referred to as "I component received signal 
SinI" and "Q component received signal SinQ," respectively. Also, the I component digital signal 
SinI and Q component digital signal SinQ are generally referred to as "received signal Sin." 

[0057] 

As shown in Figure 2, said inverse spread demodulator 30 is equipped with cell search 
part 71, path search part 72, control channel receiving part 73, traffic channel receiving part 74, 
and frequency control part 75. Said received signal Sin is input to cell search part 71, path search 
part 72, control channel receiving part 73, and traffic channel receiving part 74. 

[0058] 

In said cell search part 71, so-called initial synchronization extraction is performed by 
extracting the slot synchronization timing and frame synchronization timing for the base station 
to link wirelessly based on the received signal component via the primary synchronization 
channel (P-SCH), the secondary synchronization channel (S-SCH), and common pilot channel 
(CPICH) in the received signal Sin. After the slot synchronization timing and the frame 
synchronization timing are extracted, the scramble codes used by the base station to link 
wirelessly are specified. Cell search part 7 1 also performs a peripheral search for soft handover 
in addition to the initial cell search that requires initial synchronization extraction. The 
configuration and function of said cell search pat 71 will be described later. 

[0059] 

After the initial cell search by cell search part 71, when a so-called multi-path situation 
occurs for received signal Sin, said path search part 72 identifies their phase differences based on 
the synchronization timing (frame synchronization timing or the like) for received signal Sin. 
Here, a "multi-path situation" means that the same signal has time differences due to reflection or 
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for other reasons and arrives as plural signals at portable phone terminal 1 0 acting as a mobile 
station. 

[0060] 

The prescribed correlation peak corresponding to each path in said muhi-path is detected 
in path search part 72 with the aforementioned function. In order to extract said correlation peak, 
path search part 72 is equipped with a correlator (not shown in the figure) comprised of plural 
sliding correlators or a matched filter (not showed in the figure). 

[0061] 

Said control channel receiving part 73 extracts the control signal sent from the base 
station from the received signal Sin and demodulates it in order to perform various controls with 
respect to portable phone terminal 10. In order to extract said control signal, inverse spreading, 
synchronization detection, and RAKE synthesis are performed using scramble codes (scramble 
codes). Therefore, control channel receiving part 73 is equipped with a sliding correlator, 
synchronization detector, and RAKE synthesizer (none of them are shown in the figure). In 
control channel receiving part 73 with the aforementioned characteristic, the extracted and 
demodulated control signal is supplied to control part 60 via bus 6S. Also, in control channel 
receiving part 73 of this embodiment, the deviation between the transmission frequency of the 
base station and the reception frequency in portable phone terminal 1 0 is detected based on the 
downlink data in the common pilot channel (CPICH) of the base station to link wirelessly, and 
the detection result is supplied to frequency control part 75. 

[0062] 

Said traffic channel receiving part 74 extracts and demodulates the signal of the traffic 
channel transmitted from the base station. In order to extract said control signal, inverse 
spreading, synchronization detection, and RAKE synthesis are performed using scramble codes 
(scramble codes). Therefore, said traffic channel receiving part 74 is equipped with a sliding 
correlator, synchronization detector, and RAKE synthesizer (none of them are shown in the 
figure). In traffic channel receiving part 74 with the aforementioned configuration, the extracted 
and demodulated signal is supplied to control part 60 or voice demodulator 35 via bus 65. Also, 
in traffic channel receiving part 74 in this embodiment, the deviation between the transmission 
frequency of the base station and the reception frequency in portable phone terminal 10 is 
detected based on the downlink data in the common pilot channel (CPICH) of the base station for 
wireless connection, and the detection result is supplied to frequency control part 75. 
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[0063] 

Said frequency control part 75 outputs a frequency control instruction VCS to basic clock 
generator 39 based on the instruction sent from control part 60 via bus 65, the result of phase 
error corresponding to the frequency deviation detected by cell search part 71 or the result of 
frequency deviation detected by control channel receiving part 73 or traffic channel receiving 
part 74. More specifically, in the initial state when the power of portable phone terminal 1 0 is 
turned on, fi-equency control part 75 outputs to basic clock generator 39 frequency control 
instruction VCS corresponding to the initial value instructed from control part 60. Also, when the 
detection result of the phase error is notified fi'om cell search part 71 during the initial cell 
search, firequency control part 75 outputs a frequency control instruction VCS for correcting said 
phase deviation to basic clock generator 39. Then, after the initial cell search has ended, when 
the detection result of the fi*equency deviation is notified fi^om control channel receiving part 73 
or traffic channel receiving part 74, firequency control part 75 outputs a fi-equency control 
instruction VCS for correcting said frequency deviation to basic block generator 39. 

[0064] 

As shown in Figure 3, said cell search part 71 is equipped with matched filter part 
(MF) 81 that calculates the correlation between I component received signal SinI and Q 
component received signal SnsiQ with the primary synchronization code (PSC), phase error 
detector 82 that detects the phase error between the slots of correlation values Spcl, SpcQ for 
phase error detection output from said matched filter part 81, correlation power calculator 83 that 
calculates the correlation power based on the correlation values SpscI, SpscQ for slot timing 
extraction output from matched filter part 81, and slot timing extraction part 84 (simply referred 
to as ^'extraction part 84" hereinafter) that extracts the slot timing based on the correlation power 
value Ppsc output from said correlation power calculator 83. In this case, correlation operation 
control instruction MFC is supplied from control part 60 via bus 65 to matched filter 8 1 . Also, 
phase error detection result PSE is supplied firom phase error detector 82 to control part 60 via 
bus 65. In addition, slot timing STM is output from slot timing extraction part 84, and sampling 
reference timing PET is output in synchronization with said slot timing STM. Said sampling 
reference timing PET is supplied to phase error detector 82. 

[0065] 

As shown in Figure 4, matched filter part 81 is equipped with (P + 1) matched filters lOlp 
(MFpi p = 0 to P) connected in series, adder 1031 that calculates the sum of the I components 
PCRIp output from each of matched filters lOlp, and adder 103Q that calculates the sum of Q 
components PCRQp output from each of matched filters lOlp. Also, matched filter part 81 is 



equipped with multiplexer 105 and multiplexer 107. In this case, multiplexer 105 selects one 
correlation value pair from the correlation value pair (PCRIp, PCRQp) output from each matched 
filter lOlp and the correlation value pair (TCRI, TCRQ) output from adders 1031, 103Q 
corresponding to correlation selection signal MFC 1 sent from control part 60 and outputs it 
as correlation value pair (Spcl, SpcQ) for phase error detection. Multiplexer 1 07 selects 
one correlation value pair from correlation value pair (Spcl, SpcQ) for phase error detection 
and the correlation value pair (TCRI, TCRQ) output from adders 1031, 103Q corresponding to 
correlation selection signal MFC2 sent from control part 60 and outputs it as correlation value 
pair (SpscI, SpscQ) for slot timing detection from matched filter part 81. 

[0066] 

As shown in Figure 5, individual matched filter lOlp (p = 1 to (P - 1)) is equipped with 
(Np + 1) delay elements 1 1 llo-l 1 IInp associated with the I component and connected in series as 
well as (Np +1) delay elements 1 1 lQo-1 1 IQnp associated with the Q component and connected 
in series. Individual matched filter lOlp (p = 1 to (P - 1)) is also equipped with partial pattern 
generator 1 19p that generates I component patterns PSCIp,o-PSCIp,Np and Q component patterns 
PSCQp,o-PSCQp,Np of the part of the primary synchronization pattern (PSC) corresponding to 
individual matched filter lOlp. In this case, each of delay elements 1 1 llnp and 1 1 llnp 
[sic; 1 1 IQnp] (np = 0-Np) generates a time difference (D) of one chip between the input and 
output. 

[0067] 

Individual matched filter lOlp is also equipped with complex integrating device 1 13p,np, 
adder 1 15Ip, and adder 1 15Qp. Here, complex multiplier 1 13p,np calculates the product of inputs 
SIIp,np and SIQp,np to delay elements 1 1 llnp and 1 1 IQnp as well as the patterns PSCIp,np and 
PSCQp,np output from partial pattern generator 119 [sic; 1 19p] and outputs the I component 
output PCRIp of individual matched filter lOlp. Also, adder 1 15Ip calculates the sum of the I 
components CPIp,o-CPIp,np of the complex products output from complex multiplier 1 13p,np and 
complex multipliers 1 13p,0-l 13p,np and outputs the Q component output PCRQp of individual 
matched filter 1 0 1 p. 

[0068] 

Compared with said individual matched filter lOlp (p = 0 to (P - 1)) shown in Figure 5, 
the only difference in individual matched filter lOlp is that it has no delay elements 1 1 IInp, 
1 1 IQnp in the final stage in Figure 5 (that is, delay elements 1 1 IInp, 1 1 IQnp)- 
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[0069] 

Also, the total number ND of the delay element sections in individual matched filter 
lOlo-lOlp and the number of chips NC in one symbol satisfy the relationship expressed in 
equation ( 1 ) below. 

N C N D -I- 1 

(N 1 -I- .1.) +...-!-NP+ I ... (1 ) 

[0070] 

As shown in Figure 6, said complex multiplier 1 13p,np is equipped with multiplier 121 
that calculates the product of signal value SIIp,np and pattern PSCIp,np, multiplier 122 that 
calculates the product of signal value SIIp^p and pattern PSCQp,np, multiplier 123 that calculates 
the product of signal value SIQp,np and pattern PSCQp,np, and multiplier 124 that calculates the 
product of signal value SIQp,np and pattern PSCIp,np. Also, complex muhiplier 1 IBp np is equipped 
with adder 126 that calculates the sum of the output PIIp,np of multiplier 121 and the output 
PQQp,np of multiplier 123, and adder 127 that calculates the sum of the output PIQp,np of 
multiplier 122 and the output PQIp,np of multiplier 124. 

[0071] 

In complex multiplier 1 13p,np with the aforementioned configiiration, the output CPIp^p of 
adder 126 and the output CPQp^p of adder 127 are expressed as follows by equations (2) and (3), 
respectively. 

[0072] 

CPIp.i.p=Sllp.np'PSCIp.i.p+SIQp,np-PSCOp.«,p ••• (2) 

CPQp.np=SllB.«pPSCQR.i.p-SlOp.npPSClp.np •• Cli) 

[0073] 

In other words, the outputs CPIp,np, CPQp,np from complex multiplier 1 1 3p,np become the 
real part and imaginary part in the calculation result of equation (4) shown below, respectively. 
In this specification, the calculation of equation (4) is known as a complex product calculation. 

[0074] 

(S( Ip. np + j-SIQp. ..p) • (PSCIp. rip+j-PSCQp. np)- 
= (Sllp. «p+j'S10p. np)- (PSCIp.np-j-PSCClp..tp) ••• (4) 

Here, j is the imaginary number unit and X* shows complex conjugation of X. 



[0075] 

Since complex multiplier 1 1 3p,np has the aforementioned configuration, in individual 
matched filter lOlp shown in Figure 5, the complex products of complex value groups 
((SIIp,o + j SiQp,o), (SIIp,Np + j SIQp,Np)) and complex patterns ((PSCIp,o + j PSCQp,o), ... 
(PSCIp,Np + j PSCQp,Np)) are calculated. The results are output as I component PCRIp and Q 
component PCRQp. Then, individual matched filter lOlp calculates the complex correlation 
(simply referred to as "partial correlation" hereinafter) of the partial pattern of the primary 
synchronization pattern PSC generated in each matched filter and received signal Snsi in the 
timing order. 

[0076] 

Figure 7 shows an example of variation in the calculated partial correlation calculation 
result (PCRIp, PCRQp) over time. In Figure 7, an example of "Np = NC/4" is shown as an 
example of partial correlation (PCRIp, PCRQp). In this example, as shown in Figure 7, the time 
variation waveform of the absolute value (amplitude value) of the complex value 
(PCRIp +j PCRQp) (j: imaginary number unit) composed of the I component and Q component 
of the partial correlation calculation result (PCRIp, PCRQp) is present at the time point when time 
TsMi ( = Tsm/4) of Vi of the time Tsm of one symbol has passed, at the time point when time 
(2TsMi) has passed, at the time point when time (3Tsmi) has passed, and at the time point when 
time (2TsMi) [sic; (4Tsmi)] has passed (that is, the ending time point of I symbol signal in the 
primary synchronization channel (P-SCH)) after reception of one symbol signal in the primary 
synchronization channel (P-SCH) is started. Then, the occurrence of said four peak waveforms 
repeats in a period of 1 slot time Tsl. In the case of "Np = NC/M," for the variation over time 
within 1 symbol of the absolute value (amplitude value) of the complex value 
(PCRIp +j PCRQp) composed of the components of the partial correlation calculation result 
(PCRIp, PCRQp), said time Tsmi becomes time Tsm/M, and there are M peaks in that interval. 

[0077] 

The variation over time of the absolute value (amplitude value) of complex value (TCRI 
+ j 'TCRQ) composed of the components of total correlation calculation result (TCRI, TCRQ) is 
also shown in Figure 7. As shown in Figure 7, the waveform of the variation over time of the 
absolute value (amplitude value) of complex value (TCRI + j -TCRQ) composed of the 
components of total correlation calculation resuh (TCRI, TCRQ) has a peak only at the ending 
time point of 1 symbol signal in the primary synchronization channel (P-SCH). Then, the 
occurrence of one peak is repeated at a period of 1 slot time Tsl- 
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[0078] 

Back to Figure 4, the calculation results of adders 1011, 103Q in matched filter part 81 
become such that the complex calculation between the entire primary synchronization pattern 
PSC and the received signal Sin (simply referred to as "total correlation" hereinafter) is 
calculated sequentially over time. Then, matched filter part 71 selects one correlation calculation 
resuh from plural partial correlation calculation results ((PCRIq, PCRQo), . . . , (PCRIp, PCRQp)) 
and total correlation calculation result (TCRI, TCRQ) corresponding to the instruction signal 
MFC ( = MFC 1 -I- MFC2) sent from control part 60, supplies it as correlation value pair (Spcl, 
SpcQ) for phase error detection to phase error detector 82, and supplies either total correlation 
calculation result (TCRI, TCRQ) or the correlation value pair (Spcl, SpcQ) for phase error 
detection as the signal pair (SpscI, SpscQ) for slot timing detection to correlation power 
calculator 83. 

[0079] 

As shown in Figure 8, said phase error detector 82 is equipped with sampling timing 
generator 136, sample holder (S/H) 131, and sample holder (S/H) 132. Here, sampling timing 
generator 136 generates sampling timing PET' based on sampling reference timing PET supplied 
from extraction part 84. Also, sample holder 131 samples and holds the signal Spcl output from 
matched filter part 81 in synchronization with sampling timing PET*. Also, sample holder 132 
samples and holds the output signal of sample holder 131 in synchronization with sampling 
timing PET*. 

[0080] 

Phase error detector 82 is also equipped with sample holder (S/H) 133 and sample holder 
(S/H) 134. Here, sample holder 133 samples and holds signal SpcQ output from matched filter 
part 81 in synchronization with sampling timing PET'. Also, sample holder 134 samples and 
holds the signal output fi-om sample holder 133 in synchronization with sampling timing PET'. 

R 

[0081] 

Phase error detector 82 is further equipped with a phase error calculator 135 that detects 
the phase error between the slots of the signal pair (Spcl, SpcQ) for phase error detection based 
on the signals output from sample holders 131-134. 



[0082] 

In this embodiment, as to be described later, partial correlation for calculating the 
frequency deviation is used to sample the value of partial correlation almost at the peak position 
of the partial correlation. Therefore, sampling timing generator 1 86 specifies the peak timing of 
partial correlation and generates sampling timing PET' from the symbol period, sampling timing 
PET, and the length of the codes of partial correlation. 

[0083] 

As shown in Figure 9, said extraction part 84 is equipped with cumulative adder 141 that 
cumulatively adds correlation power value Ppsc output from correlation power calculator 43 and 
judgment part 1 42 that generates slot timing STM and sampling timing PET synchronized with 
said slot timing STM based on the output of cumulative adder 141. Here, cumulative adder 141 
is equipped with adder 146 that receives correlation power value Ppsc at one of the input 
terminals and memory 147 that stores the output of adder 146 and outputs the stored result to the 
other input terminal of adder 146 and judgment part 142. In memory 147, storage timing MTM 
and reset instruction RMC for the stored content are supplied from judgment part 142. 

[0084] 

In extraction part 84 with the aforementioned configuration, the value of correlation 
power value Ppsc reflecting the correlation value of received signal Sin and the primary 
synchronization pattern at any time is cumulatively added corresponding to the storage timing 
MTM generated by judgment part 142 and is stored in memory 141 . Also, the content stored in 
memory 141 is reset corresponding to the reset instruction RMC generated by judgment part 142. 
Based on the variation state of the cumulatively added value of the correlation power value Ppsc 
corresponding to storage timing MTM and reset instruction RMC, judgment part 142 generates 
and outputs slot timing STM and sampling timing PET. A latch register element that can be reset 
can be used as memory 141 . 

[0085] 

Back to Figure 3, cell search part 71 is equipped with correlation calculation part 
(SCP) 85, memory (MEM) 86 that stores the correlation result calculated by said correlation 
calculation part 85, and extraction identification part 87. Correlation calculation part (SCP) 85 
calculates the correlation between I component received signal SrmI and Q component received 
signal SinQ, as well as the I components of Z candidate codes associated with the secondary 
synchronization code (SSC) received from the base station (referred to as "I component 
candidate group" hereinafter) SC[1]I, SC[Z]I and Q components (referred to as "Q 
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component candidate group" hereinafter) SC[1]Q, SC[Z]Q in synchronization with the slot 
timing STM supplied from said extraction part 84. Slot timing STM output from said extraction 
part 84 is supplied to correlation calculation part 85, and correlation calculation control 
instruction SCCl is supplied from control part 60 via bus 65. Also, extraction identification 
part 87 extracts the frame timing and identifies scramble code group SCMG based on the 
correlation calculation result stored in memory 86. The extracted frame timing FTM and 
identified scramble code group SCMG are output from extraction identification part 87. 

[0086] 

As shown in Figure 10, correlation calculation part 85 is equipped with Z sliding 
correlators (SC) 150i-150z. The I component received signal SinI and Q component received 
signal SinQ are input into each of said sliding correlators 150i-150z. Sliding correlator 150z 
(z = 1-Z) calculates the complex correlation of I component received signal SinI and Q 
component received signal SinQ with I component candidate group SG[z]I and Q component 
candidate group SG[z]Q and outputs the I component A[z]I and Q component A[z]Q of the 
calculation result. 



[0087] 

As shown in Figure 11, sliding correlator 150z is equipped with multiplier 151 that 
calculates the product of I component received signal SinI and I component candidate group 
SG[z]I, multiplier 152 that calculates the product of I component received signal SinI and Q 
component candidate group SG[z]I [sic; SG[z]Q], multiplier 153 that calculates the product of Q 
component received signal SinQ and Q component candidate group SG[z]Q, and multiplier 154 
that calculates the product of Q component received signal SinQ and I component candidate 
group SG[z]I. Also, sliding correlator 150z is equipped with adder 155 that calculates the sum of 
the outputs of muhipliers 151 and 153, adder 156 that calculates the sum of the outputs of 
multipliers 152 and 154, integration/dumping part 157 that cumulatively adds the output of 
adder 155 periodically, and integration/dumping part 158 that cumulatively adds the output of 
adder 156 periodically. In addition, sliding correlator I50z is equipped with a code 
generator 1 59z that outputs I component candidate group SG[z]I and Q component candidate 
group SG[z]Q and outputs addition timing signal SAT and reset instruction SRC for the 
cumulative addition result to integration/dumping parts 157, 158 based on slot timing signal 
STM corresponding to a correlation calculation control instruction SCCl sent from control 
part 60. Here, integration/dumping parts 157, 158 are constituted in the same way as said 
cumulative addition part 141. 



[0088] 

In sliding correlator 150z with the aforementioned configuration, the complex product of 
the received signals (SinI, SinQ) and the chip part (also including the case of all chips) of the 
candidate groups (SG[z]I, SG[z]Q) specified by correlation calculation control instruction SCCl 
is calculated sequentially by integrators 151-154 and adders 155, 156 in the same way as the case 
of said complex multiplier 1 13p. The I component and Q component of the complex product 
calculated this way are cumulatively added in integration/dumping part 157 and 
integration/dumping part 158, respectively. 

[0089] 

When code generator 159z provides a cumulative addition instruction depending on 
addition timing SAT for the complex product for all of the chips in one symbol, the outputs 
A[z]I, A[z]Q of integration/dumping parts 157, 158 are the total correlation calculation results of 
received signals (SinI, SinQ) and candidate groups (SG[z]I, SG[z]I [sic; SG[z]Qi). On the other 
hand, when code generator 1 59z provides a cumulative addition instruction depending on 
addition timing SAT for the complex product of some of the chips in one symbol, the outputs 
A[z]I, A[z]Q of integration/dumping parts 157, 158 are the partial correlation calculation results 
of received signals (SinI, SinQ) and candidate groups (SG[z]I, SG[z]Q). 

[0090] 

As described above, each sliding correlator 1 50z outputs the correlation calculation result 
of received signals (SinI, SinQ) and candidate groups (SG[z]I, SG[z]Q) as output signals A[z]I, 
A[z]Q. As a result, as shown in Figure 10, the correlation calculation results [A[1]I, A[1]Q]- 
(A[Z]I, A[Z]Q)] of received signals (SinI, SinQ) and candidate groups (SG[1]I, SG[1]Q)- 
(SG[Z]I, SG[Z]Q) are output from the correlation calculator 85. 

[0091] 

Back to Figure 3, the correlation calculation results (A[1]I, A[1]Q)-(A[Z]I, A[Z]Q) 
output from correlation calculator 85 are supplied to memory 86 and stored in memory 86. 
Extraction identification part 87 reads out the correlation calculation results (A[1]I, A[1]Q)- 
(A[Z]I, A[Z]Q) from memory 86. Then, extraction identification part 87 extracts the frame 
timing and characterizes the scramble code group based on said correlation calculation results 
(A[1]I, A[l]Q)-(A[z]I, A[Z]Q). Then, extraction identification part 87 outputs the extracted 
frame timing FTM and outputs the identified scramble code group SCMG. 



[0092] 

Also, cell search part 71 is equipped with correlation calculation part (SCP) 88 that uses 
frame timing FTM supplied from said extraction identification part 87 to calculate the correlation 
of I component received signal SfnI and Q component received signal SinQ with the I 
components of R candidate codes (referred to as "I component candidate codes" hereinafter) 
SC[1]I, .., SC[R]I and the Q components (referred to as "Q component candidate codes" 
hereinafter) SC[1]Q, SC[R]Q with respect to the scramble codes adopted by the base station, 
correlation power calculators 89i-89r that calculate the correlation powers based on the 
correlation calculation results (B[1]I, B[1]Q)-(B[R]I, B[R]Q) obtained by said correlation 
calculation part 88, and scramble code identification part 90 (simply referred to as "identification 
part 90" hereinafter) that identifies the scramble codes SCM of the base station based on the 
calculation results Sth[l]-Sth[R] obtained by said correlation power calculators 89i-89r. Here, the 
frame timing TFM output from extraction identification part 87 is supplied to correlation 
calculation part 88, and correlation calculation control signal SCC2 is also supplied to it from 
control part 60 via bus 65. Also, the identified scramble codes SCM are output from 
identification part 90. 

r 

[0093] 

As shown in Figure 12, correlation calculation part 88 is equipped with R sliding 
correlators (SC) 160rl60R. I component received signal SinI and Q component received signal 
SinQ are input into each of said sliding correlators 160rl 160z. Sliding correlator 161r [sic; 160r] 
(r = 1 -R) calculates the complex correlation of I component received signal SinI and Q 
component received signal SinQ with I component candidate code SC[r]I and Q component 
candidate code SC[r]Q and outputs the I component B[r]I and Q component B[r]Q of the 
calculation result. 

[0094] 

As shown in Figure 13, sliding correlator 160r is constituted almost in the same way as 
said sliding correlator 1 50z. However, since the codes used for calculating the correlation with I 
component received signal SjnI and Q component received signal SinQ are different, code 
generator 169r is different from code generator 1592 in sliding correlator 150z. In other words, 
sliding correlator 160r is equipped with multiplier 161 that calculates the product of I component 
received signal SinI and I component candidate code SC[r]I, multiplier 162 that calculates the 
product of I component received signal SinI and Q component [candidate code SC[r]Q], 
multiplier 1 63 that calculates the product of Q component received signal SinQ and Q 
component candidate code SC[r]Q, and multiplier 164 that calculates the product of Q 



component received signal SinQ and I component candidate code SC[r]L Sliding correlator 160r 
is also equipped with adder 165 that calculates the sum of the output of multiplier 161 and the 
output of multiplier 163, adder 166 that calculates the sum of the output of multiplier 162 and the 
output of multiplier 1 64, integration/dumping part 1 67 that cumulatively adds the output of 
adder 1 65 periodically, and integration/dumping part 1 68 that cumulatively adds the output of 
adder 166 periodically. In addition, sliding correlator I6I2 [SIC; 160r] is equipped with a code 
generator 169r that outputs I component candidate code SC[r]I and Q component candidate code 
SC[r]Q and outputs the addition timing TAT and the reset instruction TRC for the cumulative 
addition result to integration/dumping parts 167, 168 based on frame timing FTM corresponding 
to the correlation calculation control instruction SCC2 sent from control part 60. 

[0095] 

In sliding correlator 1 60r with the aforementioned configuration, the complex product of 
received signals (Snsil, SinQ) and candidate codes (SC[r]I, SC[r]Q) is calculated by 
multipliers 161-164 and adders 165, 166 in the same way as in the case of said sliding 
correlators 150z. The I component and Q component of the complex product calculated this way 
are cumulatively added in integration/dumping part 167 and integration/dumping part 168, 
respectively. 

[0096] 

If code generator 1 69r uses addition timing signal TAT to instruct cumulative addition for 
the complex product for all chips, the output signals B[r]I, B[r]Q of integration/dumping 
parts 167, 168 become the total correlation calculation results of received signals (SinI, SrsiQ) 
and candidate codes (SC[r]I, SC[r]Q). On the other hand, if code generator 169r uses addition 
timing signal TAT to instruct cumulative addition for the complex product of some chips, the 
output signals B[r]I, B[r]Q of integration/dumping parts 167, 168 become partial correlation 
calculation results of received signals (SinI, SjnQ) and candidate codes (SC[r]I, SC[r]Q). 

[0097] 

As shown in Figure 14, identification part 90 is equipped with cumulative 
adders 171 i-171r that cumulatively add the correlation power calculation results Sth[l]-Sth[R] 
output from correlation power calculators 89i-89r, respectively, and identification part 172 that 
identifies the scramble codes SCM used by the base station to link wirelessly based on the 
outputs from said cumulative adders 171rl7lR. Here, each of cumulative adders 171i-171r is 
constituted in the same way as said cumulative adder 141. In other words, each of cumulative 
adders 171i-171r is equipped with adder 176 that receives the correlation power calculation 
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result Sth[r] at one input terminal and memory (MEM) 177 that stores the output of adder 176 
and outputs the stored result to the other input terminal of adder 176 and judgment part 172. The 
storage timing MT and reset instruction RM for the storage content are supplied from judgment 
part 172 to memory 177. 

[0098] 

In identification part 90 with the aforementioned configuration, correlation powers 
Sth[l]-Sih[R] reflecting the correlation values of received signals Sin and candidate codes 
(SC[1]I, SC[1]Q)-SC[R]I, SC[R]Q) at each time point are cumulatively added and stored in 
memories 177i-177r corresponding to the storage timing MT generated by judgment part 172. 
Also, the content stored in memory 177 is reset corresponding to the reset instruction RM 
generated by judgment part 172. Judgment part 172 identifies and outputs scramble codes SCM 
based on the cumulative addition result of correlation powers Sth[l]-Sth[R] corresponding to said 
storage timing MT and reset instruction RM. A latch register element that can be reset can be 
used as said memories 177i-177r like said memory 141. 

[0099] 

Cell search part 71 with the aforementioned configuration performs cell search as follows 
based on control by control part 60. 

[0100] 

The prerequisite is that, at portable phone terminal 1 0 in this embodiment, among the 
partial correlation calculations that can be selected by the output selection in multiplexer 105 and 
multiplexer 1 07 (see Figure 4), an optical partial correlation calculation within the frequency 
deviation range, wherein the occurrence of frequency deviation is predicted, is known to control 
part 60. In the following, the optimal partial correlation calculation is described as a "specific 
partial correlation calculation," and the calculation result obtained from said optimal partial 
correlation calculation is described as "specific partial correlation (PCRIpo, PCRQpo)." With said 
specific partial correlation calculation, value Afr in said Figure 21 is also known to control 
part 60. 

[0101] 

When the power is turned on, after the internal circuit is initialized, portable phone 
terminal 10 starts the initial cell search. During said initial cell search, as shown in Figure 15, 
first, in step 201, slot timing STM for transmission of the base station that portable phone 
terminal 10 should connect to wirelessly is extracted from the received signals that are received 



by antenna 12 and are converted into the form of I component received signal SinI and Q 
component received signal SinQ by passing through various elements from linear amplifier 21 to 
A/D converters 291, 29Q in received signal processing part 20 after going tiirough duplexer 14 
(first step). 



[0102] 

In the first step, first, control part 60 notifies muhiplexer 1 07 in the matched filter part 8 1 
of said cell search part 71 (see Figure 4) to select and output specific partial correlation (PCRIpo, 
PCRQpo) depending on correlation selection instruction MFC2. Upon receiving said notification, 
matched filter part 81 selects the output of muhiplexer 107 as the output of specific partial 
correlation (PCRJpo, PCRQpo). Also, control part 60 notifies to select and output the specific 
partial correlation (PCRIpo, PCRQpo) depending on correlation selection instruction MFCl to 
multiplexer 106 (see Figure 4). Upon receiving said notification, matched filter part 81 sets the 
selection of the output of multiplexer 106 in the output of specific partial correlation (PCRIpo), 
PCRQpo). 

[0103] 

Control part 60 notifies matched filter part 8 1 to perform the specific partial correlation 
calculation with the aid of said correlation selection instruction MFC2. At almost the same time, 
the control part also notifies correlation calculation part 85 and correlation calculation part 88 to 
carry out the specific partial correlation calculation based on correlation calculation control 
instruction SCCl and correlation calculation control instruction SCC2. 



[0104] 

When received signals Sin (SinI, SinQ) are input into cell search part 71 in that state, 
matched filter part 81 outputs specific partial correlation (PCRIpo, PCRQpo) as correlation values 
(SpsgI, SpsgQ) for slot timing detection to correlation power calculation part 83. Also, matched 
filter part 81 outputs specific partial correlation (PCRIpo, PCRQpo) as correlation values (Spcl, 
SpcQ) for phase error detection to phase error detection part 82. 



[0105] 

Correlation power calculation part 83 calculates the powers of correlation values (SpscI, 
SpscQ) for slot timing detection and outputs the calculation result Ppsc to extraction part 84. 
Upon receiving said correlation power Ppsc, in extraction part 84, cumulative addition part 141 
cumulatively adds correlation power Ppsc- Based on that result, judgment part 142 performs a 
threshold value processing. The extraction part extracts the slot timing STM of the primary 
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synchronization channel (P-SCH) transmitted from the base station for wireless connection and 
outputs it to correlation detector 85. Also, extraction part 84 outputs sampling reference timing 
PET synchronized with slot timing STM to phase error detector 82. In this way, the first step of 
the initial cell search is completed. 

[0106] 

After the first step has been completed, extraction of frame timing FTM and 
identification of scramble code group SCMG (second step) in step 202 are started, and control of 
the reception frequency and switching of the correlation operation method by steps 2 1 1 -2 1 7 are 
stated. 

[0107] 

During said control of the reception frequency and switching of the correlation operation 
method, first, in step 21 1, the initial cell search is stopped until the third step to determine 
whether the scramble codes adopted by the base station for wireless connection have been 
determined. At that time point, since the second step of the initial cell search has started, the 
answer is no, and the process goes to step 212. 

[0108] 

In step 212, sampling timing generator 136 estimates plural peak generation time points 
for the correlation power of the received correlation value pair (Spcl, SpcQ) for phase error 
detection based on the received sampling reference timing PET. Subsequently, in step 242, 
sampling timing generator 136 generates new sampling timing PET' indicating sampling at the 
estimated correlation peak points and supplies it as the sampling timing for phase error detection 
to sample holders 131-134. As a result, plural sampling timings PET's are generated in the period 
of one symbol. 

[0109] 

Then, in step 213, first, the frequency deviation is detected based on the correlation value 
pair (Spcl, SpcQ) sampled according to sampling timing PET'. 

[0110] 

In said step 213, the correlation values for phase error detection at that time point based 
on sampling timing PET' are sampled by sample holders 131, 132 and are output from sample 
holders 131, 132, and the correlation values for phase error detection sampled by sample 
holders 131, 132 according to the previous sampling timing PET are sampled by sample 



holder 133, 134. In other words, the correlation values for phase error detection at two time 
points separated by peak time interval Tsmi within one symbol are obtained at the same time by 
performing sampling with sample holders 131-134 according to sampling timing PET'. 



[0111] 

Phase error calculator 135 detects the phase error between the correlation values for 
phase error detection at two time points separated by the peak interval based on the 
aforementioned correlation values for phase error detection at two time points separated by said 
peak interval. 

[0112] 

In the following, the theory of said phase error detection will be explained. 

[0113] 

Complex expression CF(t) of correlation values (Spcl, SpcQ) for phase error detection at 
time t can be expressed by equations (5) and (6) below if the deviation between the transmission 
frequency (carrier frequency) of the base station for wireless connection and the reception 
frequency of portable phone terminal 1 0 is Af 

[0114] 

CF(t)=Spcl(t)+j-SpcQ(t)=C-exp[j-2;f Af-t] ••• (5) 

C=((Spcl(t))*+(SPcO(t))')'^» .-. (6) 

[0115] 

When sampling is performed by sample holders 131-134 at time t, the I component and Q 
component of each of correlation values CF(t) and CF(t - Tsmi) are input into phase error 
calculator 135. The product of correlation value CF(t) and correlation value CF(t - Tsmi) can be 
calculated as shown by equation (7) below. 

[0116] 

CF(t)-CF{t-Ts)=C-exp[j-2 7i- Af-t3 C-exp[j-2;i • Af - (t-TsHi)] 

=C^-exptj-27r- Af-Tstn] 

=C'''(oos(2jr'Af'Tsu))'l-j'Sin(2jt • Af'Tsm)) ••• (7) 

[0117] 

Consequently, phase error calculator 135 calculates the product of correlation value CF(t) 
and correlation value CF(t - TSMj). For example, after the imaginary part IMP 
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( = • sin(27i • Af • TsmO of the calculation result is derived, by carrying out the calculation of 
equation (8) below, it is possible to derive phase error PSE ( = 27i Af TsMi) between the 
correlation values for phase error detection at time points separated by the slot interval. 

[0118] 

PSE^sin-^ (IMP/C2) (8) 

[0119] 

The phase error PSE derived in this way, is notified to frequency control part 75 and 
control part 60, Frequency control part 75 and control part 60 use the notified phase error PSE to 
calculate frequency deviation Af according to equation (9). 

[0120] 

Af=PSE/(2K -Tstti) - (9) 

[0121] 

Subsequently, in step 214, frequency control part 75 changes the reception frequency to 
reduce frequency deviation Af calculated by equation (9). The amount of variation in said 
reception frequency may be said frequency deviation Af or, for example, Vi of frequency 
deviation Af in order to avoid oscillation in frequency control. 

[0122] 

Then, in step 215, control part 60 checks whether the calculated frequency deviation Af is 
equal to or less than said known frequency threshold value Afj. If the answer in said step 215 is 
no, the process goes to step 2 1 1 . On the other hand, if the answer in said step 2 1 5 is yes, the 
process goes to step 216. 

[0123] 

In step 216, control part 60 determines whether the correlation method has been 
switched. If the answer of step 2 1 6 is no, the processing goes to step 2 1 1 . If the answer of 
step 216 is yes, the processing goes to step 217. 

[0124] 

In step 217, control part 60 notifies matched filter part 81, correlation calculation part 85, 
and correlation calculation part 88 of the fact that the correlation calculation method to use later 



should be switched from the specific partial correlation calculation method to the total 
correlation calculation method by using matched filter instruction MFC2, correlation calculation 
control instruction SCCl, and correlation calculation control instruction SCC2. In this case, the 
correlation calculation method selected with respect to matched filter part 81 is notified so that 
the correlation calculation method is selected by detecting the phase error immediately after the 
first step of the first round and, if cell search is unsuccessful after carrying out the first-third 
steps of the first roimd, the correlation calculation method selected immediately after the end of 
the first step of the first round can be used during all of the steps when carrying out the first-third 
steps of the second round and thereafter. If the correlation calculation method is switched as 
described above, the process goes to step 201. 

[0125] 

The correlation calculation method used in step 217 influences the processing of the first- 
third steps of the initial cell search. Said influence is illustrated by the dashed line arrow in 
Figure 15. 

[0126] 

When the process goes fi-om step 215, step 216, or step 217 to step 21 1, the processing of 
steps 21 1-217 is repeated in the same way as described above until the answer in said step 211 
becomes yes. In this way, the frequency is controlled, and the correlation calculation method is 
switched if necessary. If the answer of step 21 1 is yes, control of the reception frequency and 
switching of the correlation calculation method are ended, and the process goes to step 204. 

[0127] 

Steps 202 and 203 are carried out sequentially in parallel with control of reception 
frequency and switching of the correlation calculation method performed in said steps 211-217. 

[0128] 

In step 202, frame timing FTM is extracted and scramble code group SCMG is identified 
by using the specific partial correlation calculation method at the beginning and the total 
correlation calculation method after said step 217 has been carried out (second step). To extract 
frame timing FTM and identify scramble code group SCMG, first correlation calculation part 85 
calculates the calculation values (A[z]I, A[z]Q) of received signals Sin (SinI, SrsiQ) and 
candidate groups (SG[z]I, SG[z]Q) specified by correlation calculation control instruction SCCl 
based on slot timing STM supplied fi"om extraction part 84. The calculated correlation values 
(A[z]I, A[z]Q) are stored in memory 86. 
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[0129] 

Subsequently, extraction identification part 87 reads out correlation values (A[1]I, 
A[1]Q)-(A[Z]I, A[Z]Q) from memory 86 and extracts frame timing FTM and identifies scramble 
code group SCMG based on the read results. Then, extraction identification part 87 outputs the 
extracted frame timing FTM and identified scramble code group SCMG to correlation 
calculation part 88. Then, the second step is completed. 

[0130] 

Then, in step 203, the selected correlation calculation method is used to identify the 
scramble codes SCM used by the base station for wireless connection (third step). To identify 
scramble codes SCM, first, correlation calculation part 88 calculates the correlation values 
(B[r]I, B[r]Q) of received signals Sin (SrsiI, SinQ) and candidate codes (SC[r]I, SC[r]Q) (r = 1-R) 
designated by correlation calculation control instruction SCC2 based on frame timing FTM and 
scramble code group SCMG supplied from extraction identification part 87 and outputs them to 
correlation power calculator 89r. 

[0131] 

Correlation power calculator 89r calculates the power of the correlation values (B[r]I, 
B[r]Q) and outputs the result Sth[r] to identification part 90. In identification part 90 that receives 
said correlation power Sth[r], cumulative adder 171 cumulatively adds each of correlation powers 
Sth[l]-Sth[R]. Based on that result, judgment part 172 identifies scramble codes SMC used by the 
base station for wireless connection and outputs them to control part 60, path search part 72, 
control channel receiving part 73, and traffic channel receiving part 74, In this way, the third step * 
of the initial cell search is completed. When the third step has been completed, control of the 
reception frequency and switching of the correlation calculation method carried out in 
steps 21 1-217 as described above end almost simultaneously. 

[0132] 

Then, in step 204, traffic charmel receiving part 74 uses the scramble codes SMC 
supplied from the identification part 90 of cell search part 71 to inversely spread the common 
pilot channel (CPICH) components included in received signals Sin (SinI, SinQ). Based on the 
result of this processing, the frequency deviation between the transmission frequency of the base 
station for wireless connection and the reception frequency of portable phone terminal 1 0 is 
detected accurately and output to frequency control part 75. Subsequently, frequency control 
part 75 outputs frequency control instruction VCS used for correcting said frequency deviation 



based on the received frequency deviation to basic clock generator 39. Basic clock generator 39 
corrects the frequency of the basic clock according to the received frequency control instruction 
VCS. As a resuh, the transmission frequency of the base station for wireless connection matches 
accurately with the reception frequency of portable phone terminal 10. 

[0133] 

After the frequency deviation is reduced as described above, data transmission/reception 
between the base station for wireless connection and portable phone terminal 10 is started. 

[0134] 

As explained above, in this embodiment, the specific partial correlation calculation 
method is used to start the initial cell search. Then, after the processing in the first step of the 
initial cell search has ended, the frequency deviation between the transmission frequency of the 
base station for wireless connection and the reception frequency of portable phone terminal 10 is 
detected at a certain accuracy. Based on the detected frequency deviation, the reception 
frequency is controlled in order to reduce said frequency deviation, and at the time that the 
detected frequency deviation drops below a prescribed threshold value Afj, the correlation 
calculation method used for the cell search is switched from the specific partial correlation 
calculation method to the total correlation calculation method. Consequently, according to this 
embodiment, the misdetection rate can be lowered, and the base station for wireless connection 
can be found. 

[0135] 

In this embodiment, the phase error is detected based on a specific partial correlation. 
However, it is also possible to detect phase error based on total correlation. In this case, the 
sampling timing generator 136 shown in Figure 8 is omitted. Sampling is performed by sample 
holders 131-134 according to the sampling reference timing, and in the calculation, peak time 
interval Tsmi in said equations (7)-(9) is replaced by slot time interval Tsl- 

[0136] 

Also, in this embodiment, the frequency deviation is derived from the phase error 
between adjacent peak points of the specific partial correlation within a period of one symbol. 
However, the frequency deviation can also be derived from the phase error at any peak point 
during the period of one symbol. Also, the frequency deviation can be derived from the phase 
error between the peak points of a specific partial correlation extended between slots. 



[0137] 

In this embodiment, the absolute value of the detected frequency deviation is directly 
compared with threshold value Afr to determine whether the frequency deviation is smaller than 
threshold value Afr. On the other hand, with frequency control as described in this embodiment, 
if the variation in the frequency deviation over time is known, it is possible to estimate whether 
the frequency deviation has dropped below threshold value Afr by monitoring the time that has 
passed from the beginning of the frequency control. It is also possible to take advantage of this 
fact to determine whether the frequency deviation is smaller than threshold value Afj. 

[0138] 

With frequency control as described in this embodiment, the variation in the frequency 
deviation over time is usually as shown in Figure 16. That is, the time required for frequency 
deviation Af to become smaller than threshold value Afr varies depending on the value of the 
initial frequency deviation. However, as the initial frequency deviation decreases as Afi — > Af2 

Afa, the time for frequency deviation Af to become smaller than threshold value Afr is 
decreased. In this case, if the maximum value of the initial frequency deviation is Afi, after the 
time Tt required for the frequency deviation Af to become smaller than threshold value Afr when 
the initial frequency deviation is Afi has passed, it is possible to determine that frequency 
deviation Af has become smaller than threshold value Afr regardless of the value of the initial 
frequency deviation. Even if said time Tt cannot be calculated accurately in the design stage, it 
can be obtained experimentally at least in the trial production stage. 

[0139] 

In the case of using said time Tt, it is possible to replace step 214 shown in Figure 15 in 
this embodiment with step 214' shown in Figure 17. In other words, in step 214', whether the 
time that has passed since the beginning of frequency control is time Tt is checked. If the answer 
is no, the process goes to step 21 1. If the answer is yes, the process goes to step 215. In 
Figure 17, the step elements that are the same as those shown in Figure 15 are represented by the 
same symbols, respectively, and will not be explained again. 

[0140] 

Second embodiment 

In the following, the portable phone terminal disclosed in a second embodiment of the 
present invention will be explained. Compared with the portable phone terminal disclosed in said 
first embodiment, only the configuration of the cell search part in the portable phone terminal 
disclosed in this embodiment is different. In the following, this embodiment will be explained 
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focusing on said difference. In the following explanation, the same elements as those described 
in the aforementioned first embodiment are represented by the same symbols, respectively, and 
will not be explained again. 

[0141] 

As shown in Figure 18, cell search part 71 in this embodiment is equipped with phase 
error detector 82' instead of the phase error detector 82 in the cell search part in the first 
embodiment shown in Figxire 3. The sampling reference timing PET supplied from extraction 
part 84 in the first embodiment is not supplied to said phase error detector 82'. Only the 
correlation values Spcl, SpcQ for phase error detection are supplied fi-om matched filter part 8 1 . 

[0142] 

As shown in Figure 19, compared with phase error detector 82 in the first embodiment 
shown in Figure 8, phase error detector 82' is further equipped with correlation power 
calculator 137 used for generating sampling timing PET* from correlation values Spcl, SpcQ for 
phase error detection, peak detector 138, and sampling timing generator 139. Here, correlation 
power calculator 137 calculates the correlation power of correlation value pair for phase error 
detection (Spcl, SpcQ) and outputs the result to peak detector 138. Also, peak detector 138 
monitors the variation in the calculation result of correlation power P obtained by correlation 
power calculator 137 over time, detects the peaks in the varying waveform of said correlation 
power over time, and notifies the detected peak timing to sampling timing generator 139. 
Sampling timing generator 139 generates sampling timing PET' based on the peak timing 
notified from peak detector 138 and supplies it to sample holders 131-134. 

[0143] 

Cell search part 7 1 with the aforementioned configuration in this embodiment carries out 
cell search as follows, based on control by control part 60. 

[0144] 

Similar to the first embodiment, the prerequisite is that, at the portable phone terminal 10 
in this embodiment, among the partial correlation calculations that can be selected by output 
selection in multiplexer 105 and multiplexer 107 (see Figure 4), the optimal partial correlation 
calculation within the frequency deviation range, wherein occurrence of frequency deviation is 
predicted, is known to control part 60. When said optimal partial correlation calculation is 
executed, value Afj in said Figure 21 is also known to control part 60. 



41 

[0145] 

As shown in Figure 20, the difference from the cell search processing shown in Figure 15 
in the first embodiment is that, in the cell search processing in this embodiment, (a) control of 
the reception frequency and switching of the correlation calculation method in steps 21 1-217 are 
started at an intermediate point during the first step of step 201, and (b) step 212' is carried out 
instead of step 212. 

[0146] 

In other words, in step 201, slot timing STM is extracted in the same way as described in 
the first embodiment. Control of the reception frequency and switching of the correlation 
calculation method in steps 21 1-217 are started in parallel with the extraction in said step 201. 
Then, if the answer in step 21 1 is no, the process goes to step 212'. 

[0147] 

In said step 212', the correlation calculation part 137 of phase error detector 82' calculates 
the correlation power of received correlation pair for phase error detection (Spcl, SpcQ) and 
outputs it to peak detector 138. Then, peak detector 138 detects the waveform peaks (that is, 
correlation peaks) of the received correlation power signal. When detecting a correlation peak, 
peak detector 138 immediately notifies it to sampling timing generator 139. 

[0148] 

While being notified with detection of a correlation peak, sampling timing generator 139 
generates sampling timing PET' based on the notified timing and supplies it to sample 
holders 131-134. 

[0149] 

Then, control of the reception firequency and switching of the correlation calculation 
method are carried out in the same way as described in the first embodiment. The processing of 
steps 202-204 is also carried out in the same way as in the first embodiment. 

[0150] 

As explained above, according to this embodiment, the specific partial correlation 
calculation method is used to start the initial cell search. Then, the frequency deviation between 
the transmission frequency of the base station for wireless connection and the reception 
frequency of portable phone terminal 10 is detected at a certain accuracy in parallel with the first 
step of the initial cell search. Based on the detected fi'equency deviation, the reception frequency 



is controlled to reduce said frequency deviation, and at the time when the detected frequency 
deviation drops below a prescribed threshold value Afr, the correlation calculation method used 
for the cell search is switched from the specific partial correlation calculation method to the total 
correlation calculation method. Consequently, according to this embodiment, the misdetection 
rate can be lowered, and the base station for wireless connection can be found. 

[0151] 

The same modifications as those described in said first embodiment are applicable to this 
embodiment. 

[0152] 

A portable phone terminal has been explained in the aforementioned embodiments. 
However, the present invention can also be applied to other devices as long as they are mobile 
station devices in a CDMA mobile body communication network. 

[0153] 

Effect of the invention 

As explained above, by using the cell search method and device disclosed in the present 
invention, after a partial correlation calculation method is used to start an initial cell search, the 
frequency deviation between the transmission frequency of the base station for wireless 
connection and the reception frequency of the mobile station is detected. Based on the detected 
frequency deviation, the reception frequency is controlled to reduce the frequency deviation. At 
the time that the detected frequency deviation is found to become smaller than a prescribed 
threshold value Afy, the correlation calculation method used for cell search is switched from the 
partial correlation calculation method to the total correlation calculation method. Consequently, 
an appropriate cell search with a lowered misdetection rate is possible. 

[0154] 

The mobile body terminal device of the present invention is equipped with the cell search 
device disclosed in the present invention. Since the cell search uses said cell search device, the 
misdetection rate during communications carried out via the mobile body communications 
network can be lowered. 

Brief description of the figures 

Figure 1 is a diagram illustrating the schematic configuration of the portable phone 
terminal disclosed in the first embodiment. 
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Figure 2 is a diagram illustrating the schematic configuration of the inverse spread 
demodulator shown in Figure 1 . 

Figure 3 is a diagram illustrating the configuration of the cell search part in Figure 2, 

Figure 4 is a diagram illustrating the configuration of the matched filter part in Figure 3. 

Figure 5 is a diagram illustrating the configuration of the individual matched filter part in 
Figure 4. 

Figure 6 is a diagram illustrating the configuration of the complex multiplier in Figure 5. 
Figure 7 is a timing chart explaining the output signal from the matched filter part in 
Figure 3. 

Figure 8 is a diagram illustrating the configuration of the phase error detector in Figure 3. 
Figure 9 is a diagram illustrating the configuration of the slot timing extraction part in 
Figure 3. 

Figure 10 is a diagram illustrating the configuration of the correlation calculation part 
used for extracting frame timing and identifying the scramble code group in Figure 3. 

Figure 1 1 is a diagram illustrating the configuration of the sliding correlator in Figure 10. 

Figure 12 is a diagram illustrating the configuration of the correlation calculation part 
used for identifying scramble codes in Figure 3. 

Figure 13 is a diagram illustrating the configuration of the sliding correlator in Figure 12. 

Figure 14 is a diagram illustrating the configuration of the scramble code identification 
part in Figure 3. 

Figure 1 5 is a flow chart explaining the cell search operation in the first embodiment. 

Figure 16 is a diagram explaining variation in the frequency deviation over time as a 
result of frequency control in the previous stage. 

Figure 17 is a flow chart explaining the cell search operation in a modified example with 
respect to the first embodiment. 

Figure 1 8 is a diagram illustrating the configuration of the cell search part in the second 
embodiment. 

Figure 19 is a diagram illustrating the configuration of the phase error detector in 
Figure 18. 

Figure 20 is a flow chart explaining the cell search operation in the second embodiment. 

Figure 2 1 is a diagram explaining the relationship between frequency deviation and 
misdetection rate during cell search. 

Figure 22 is a diagram explaining the transmission information fi-om the base station used 
for cell search. 

Figure 23 is a flow chart explaining a conventional cell search operation. 



Explanation of symbols 

1 0 Portable phone terminal (mobile station device) 
1 2 Antenna (reception means) * 

60 Control part (part of the cell search device, part of the frequency deviation detector) 
7 1 Cell search part (part of the cell search device) 
75 Frequency control part (frequency control means) 
8 1 Matched filter part 

82, 82' Phase error detector (part of the frequency deviation detection means) 

83 Correlation power detector 

84 Slot timing extraction part 
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Figure 1 



Key: 27 Quadrature detector 

30 Inverse spread demodulator 

32 Reception frequency synthesizer 

35 Voice demodulator 

4 1 Spread modulator 

44 Quadrature modulator 

52 Transmission frequency synthesizer 

55 Voice modulator 

60 Control part 
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i^n, B P F 2 2 t-h\\\fi^iXfz.{t'^t'^'^m^m^0M 

/O ^Jtc:|ni391LrQPSKm'^tT9ii:tcJ:i3. -grmif^ife 

[0 0 5 5] ^tL. 'kmt'^mm\2 Mrm.^^^ 

(LPF) 28 1. 2 HQ SSM' F 2 « 1 . 2KQ 

{cmm'y^r-)'a^7'r':y^/i^mt^m (A/nmm) 2 

9 1, 2 9Q 9 ] , 2 9 Q/)-hm 

20 Jj^Mz I /^)c5>-r i^^vHB-i5-Siii 1 ;!iO«Qf^:S^>r i>^/^ 
m ^l- S i « Q ^HiJiiili^ 3 o ^ ^j^iix. xv > 
<5o rc^>miii?kmi3 0fl, ff>^^WJ8:^3 5(::f^ife^^ 

(ii^, \HUy<-A ft 5 i£r^^Lr^li1J^allil:^^6 0 tmi^ 
[00 5 7] ivmammmmii^ 3 0 it. m 2 ic?]^ j^f n-s 

-V y^ji^'^mii^ 7 3. h 7 V ^ -;--v >:^^/i"S:{KifiJ 7 
4. iiafJ?3^j£l3tWlJ^^1J7 5^iKi;<LrtiMi5?ix ± 

iifli 7 2 , i'liiJIiH-/- •\' > 'i'>>'l^S:f^'^l 7 3. >&t>' h 7 y 

[0 0 «1 \mii±/u\) -'j'\^\7 ^ xn\ ^mL-L'^m 
m'i'Sino:>oh(fmi mm'f''y>^^^^ CP-sch) , 

(CPJCH) ^:^\'Lti^m\B^f&'^\^m 



13 

[0 0 5 91 Hi/irii/<:^*»;— f-ai7 2«i, -feyMi— 5=-aJ7 

tm^\^.Ltc. mmom'^'t i^xmrnt Lxo:>mrm^ 

[006 0] Litmm''i'^'i'^^<^-^)—'^'i^i 7 2 r- 

it . ^i-^/-/ < Id It 6 < X izhi. c tz ffr/iiom m t'- 

K (Mm^) tcJ:-aiaili/;|»[. l^lW^tte. 2^ (/RAKE 

. ^ ^ 7-' -i > '/\mwi. mmm\m. r</ra k r 
sfc^^4x;rcijiiH4u<t yy^. y<y^ 6 5 t-c^jjfj^3^l^^^i 6 o [cm 30 

cVitillj/^-r w h^- yy^wp- (CP I CM) iz-t-^n^T 

-So 

[0 0 6 2] ijInE h 7 y ^ f- V y^Jl^^mii 7 4 

7 ymm'^K \mm\mL jaw a k E^iS 

^x/i N 7 -< ^ f- v ^^yurSi^Mai 7 4 r-i:!:. }|hm;J^ix 

xmrnt^titzinn-^. /<>^6 siSr/M-rtiiome o^^w 

mmm:> hyy-iy^ -7- > t^/u-SfM/iiJ 7 4 X{:U BtS^ 



liVliH 2 0 0 3-169369 
M 

(CP I CM) ld*Jlt^>»5T~<J'»d^-:Jt^T. 
[006 3] jIuEfiJF^StftaWfll^Hi 7 5 li. ^<?^ 6 5 $r^M. 

4 (c J: y^immmmomim'^\^i%-^^'x. p y 
^j'^g^f-^^iis 9-^m\fxm&mmtn7i<vcs^\\\M- 

1 0<o?d:jjSl1S:Atc:<l:S^;jJW4;^tiic*3V^Ti;i ;i)>iWl6 0 

:^A>^^f:iy'yw±ii{i'3 9-^rmxm:J}-r^^ 

^/-;OhV*T LUm.. HiCT^/'-v >^wurx:^(irfl> 7 3 Xll h v 
^ y ^ ^-v ^^yuSfOT 7 4 /j^ibj23»i©/i*<':)^3feaiSf 

^i\^9^\imxmJ)'t^X'}\Z.fj:oX\^^^. 

[0 0 6 4] iVlSl-lr^'Vii— f-i^(5 7 1 ri, m3\Z7f<t^ti^ 

Q^M*\xttli^\ \m\'^- K (P S C) tonm^^UAU 
t-S-v y^/- I- •^'f/^^J'fJIi (MP) ^It. ^U-^y'f-hy 

3^. iiii|lJiriE:j'j^/JVtJi5 8 3h-h\\yJr^i(vtzWm^mi 

yV</-^ I y^/Wx\\i%^ 4 (JiU h\ mz, mwWtWH 4 J 
i:4>fhM^} t^mTLXy^^ho ^Z.X. -vy^hy^i/l^^/ 

i^H 1 {ai\ /<x6 5^:;rLriiiijMi6 o/j^^b^i^il^lAii^ 

^35 8 2 P> i:t. 6 5 1 1 Jliyi^iB 6 0 --^mmSf: 
P S I- /Mm^, ^ i i J: ') iz. o T I ^ 6 . . 

^srMt\imLX^'y>'^)'yy^J>^/m^yy^ ^ >y\> 

[00651 -v h ^ yb^ jjlJ 8 1 ii. |gl 4 <d;T[^;^iL 
^Xo\:i. mUz\m'^Mz (P+1) m(rmW]''^y'7- 

hy ^yi^^ } 0 ^p (MPp:p = 0-P) t[ l^m^l^l"^ 
y^' Vy -iJi^if 1 0 y^/i^bWVh^Mz I Jic5>PCR U 
</:>?ii^.li(,T,1-'5M5>:;^^ i 0 3 I ^ . ti-ft^WU-^ y =/- h 7 



/5 

^j\^^us Mt. -v/uf-yi^^-tM 0 5^^^;<•^/^f•y^' 
^^j|i?Hift:>i| (i*cR I p. PCKQp) RW}im:^^ 03 

I, I 0 3Q/)>bHiyj$n/itaim>^ (TCR I . TC 

RQ) c/:)Hvj^^. mm^ii^eofi^homBmtRi^^jMFc 

1i:iI!8M5?MSpc 1 . SpcQ) tLXmM'^):oi^^s:o 

PCQ) 0 3 1. J O 3Q)?)^^ai:/j^n/t+1] 

mmn (tcr i. tckq) oyi^fj^hs Mm^^^^o/j^ 

[0 0 6 6] WW-'tyf' bV-f/U^' J 0 Jp (p= 1 - 

0 \ p ufiifi^ 1 mm^<^^-y ( p s c) wffii^yw ] 

)i£^>^N^«yi> SC lp.o~PSC I p.HpJK:t/Qij3t^>/< 
- >- P S C Qp . 0 P S C Qp . H p 1^ ifg ■ -^J- ^ tfIS ^>>"5 ^ 

[0 0 6 7] tJL. fWBiJ-^:yif- by 1 0 lp?±. 

#i5i$aw.'U^i;^ii's 1 1 3p.np>. mm^i\ J. 5 ip,i:. )\\\ 



1 Qnp-^f)A:;/jS I Ip.npiit>A;/jS I Qp.npi:f;1i^>/<* 

CPIp. rip=SI Ip. np -PSCIp. Mp+SIQp. .IP -PSCOp. np 
CPQp. np=SI Ip. np -PSCOp. np-SIOp. np -PSCIp. np 

[0 0 7 3] •tm-:>^j. m^m%mm. 1 1 3p. np/^ib ^m\mmci(o\i-x\%. 

<?:)|.l:i;jC IMp.np. C PQp.np-i^:il'e'HlA\ CJci') (4) ^Ci m.oM\VxhnhX\'^'^:> 

(SI Ip. np+j-SIQb. np) • (PSCIp. np+j-PSCOp. np)* 
= (SI Ip. Hp+j-SIOp. np) • (PSCIp. np-j-PSCQp. np) 

[0 0 7 51 mmWi^^^l 1 1 3p. npyj5j^,hw,t v {r. 
yu^ 1 0 1 p-cr-t. -iasKWrn ((s 1 I p.o-h j • s I 

p.o). (SI Jp.ttp-l-j -SlQp.Hp)) t\m^<'jf 
((PSC lp.o+ j • PSCQp.o), (PSC 
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*^?->^^ii^vi 1 '^li^hm^^Mz.^'^^-y^ I p. 

».p^i;^<^->-p s cQp. f.0 i:(/:)flj*gi^ttLiij t, mm 
'^-j'Tvy^ 1 0 1 pc/^ 1 j)jc^^ai;j pgr i p ^rm;^; 

3p.npt, m^m'^'Mm. \ \ sp.o-i 1 3p,Mp'it^^ 

f jit^>c P I p.o~C P I 
p.np^Oifii^SrSSimL. ia»ij-^5/'?- h:7-f/i'^' i o JptsoQ 

\mi^xi^ p c R (Qp i$rai;^?i->3o 

[0 0 6 8] ftySiJ-v-zi^^ h'^^yP^' 1 0 Ipii. 

p (p = o- (p-1) ) i:j-t-<x. lasicj^rj-^i&i^ 

my&m%i \ i i ihp. 1 1 i qnp (-^'/jrij^p, mm^ 

[0 0 6 9] (I^JRiJvs/^- |>:7-<yU^ 1. 0 10-- .1 

0 J p;65:r4't^®ii!i$frH-l^ii:icc?>*S;}| ND{:):. i v/^^^JOw 

f^^(^:)^5/';/gcNC<t, ^c/.> (1) 

NC = ND-I- 1 

(N I-l- I) H bNP + 1 - (1 ) 

[0*0 7 0] mmmmnm^^'^ i Sp.npti. iiaetc 
p.-piwiaiSri^imi'-s^m^j^i 2 1 m-itms i i 

p. «p ^^'N-^'-- V P S C Qp. np t om^^\^\'\' 1 
2 2<t, ilii!;fniS I Qp.np<b^<^"->'PSCQp.np^C) 

2 3 i:. f3-^-«CS I Qp.np ^ A-i' 

- > i> s CI p. np t omk'mw-^-mmn \2At ^ii 
%fz. mmiww'^m.v 1 3p.npii. mm 

12 1 m\-h P J I p. np ^l?f^):;ili 12 3 <ndix'h p QQ 

p. np t mykmvYy^%\mh i. 2 6 ^ . fin??^:v .1. 2 2i7> 
p I Qp. np b mm 1 2 4 c^ji.u;^j p Q I p. np ^ 

[0 0 7 1 ] coy I '){c|,Vfii3^d5ii/i^a^lli!m:ill1&'{.^^ i i 

3p.np-ei:t, hwxrn J 2 6 (/:)tijyjc p i p. npwmm^ 

1 2 7ojil:;jCPQp.nprj:. i!ko:> (2) j.<:ii^tJ« (3) 

[0 0 7 2] 

(2) 
(3) 

( 4 ) tV:^ jn'tW iSr 6 1 ^m^ 



... (/I) 

ip.fip'hj -pscQp.Mp)) t(^mmw^%n\\^ti. 

ycon^m/^ I Ji)c5) P C K I ^JIAO^Qnm P C K Qp t tX 

IKJjt^ixy). ^ LXs iiAm-^'^y^- h 7 ^ yu^ l 0 l 

c c/rff«5>/< - V A: ^im^ Suit ommmm my. 

HMc rrfiS^NiiliiJj i:(>t^^) ^ii^mi<*ci-®lMi--5J: 
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[00 7 6] :io Lxm\-^M:^iiMmmmmi: (p 
cRip. pcRQp) ommm{t(omf>K mi^c^^tsti 

RQp) omtLX. rNp = NC/4j (om^n^t^ix 

mm^i^ ( I' C R 1 P C K Qp) (D I r&^BLt/QltSi'^y 
t^^fi^^m'MU (PGR IpH- j ' PCRQp) ( j 

^^m:) o:,mmA im^m) (nwrn-Mitrnm. m 1 

tjij^-.v>'^./i/ (p-scH) ic4att6i v/V/IOMb*^^ 

ll^ffllJTsui ( = Tsa/4) ;5^^i§Lm,^,. W (2T 

sHj) AmmLfzm/^. mm CiTsyo ^mmLtzm 

:&tK"*l«1 (2Tsm) d^^.®t/::«#;lA 

Oii^^v^o rNp = NC/Mj o:>^^{a'±. u 

mmmmm (pcrip, pcrqp) oy^m^/i^h 
h}ih^itM (PGR ipH- j • PCRQp) (omm m 

I0 0 7 7J ifc, m7\at. ii^.mmim^i^ (tcr 

I. TCRQ) (/)#fiJc^>/»-'bJi^6»m' (TCR I -f- i 
(TCR I. TCRQ) (^:>^}i%Wph}^^mm (TC 

R I H- j - TCRQ) (timm (f>m\y±im 

Bit. tfn ii^Jt;j^^ v>^^/u (p-scii) ) -> 

1 e-'i^oymiy^ 1 y hB.!i=RijTsLf.:>j;^J(;ir'a^"9 

[0 0 7 8] I§14(CW'9. a_l-J:fK -vy=/- hV-f >»u^ 
^8 1 (C*3(t<S:'JIKW-3Sl 0 3 1,1 0 SQ^/^^l.mi'iM^ 

Si!; J lK|}(;j/N^-->PSC<^^«x<^.sirH/iJih^ 

( (PCK lo, HCKQo) . (PGR If. PC 

RQp) ) RmmmiVimi^ (tcr i. tcrq) 

omimm (spc i . spcq) t LxmwAmm^Mn^H 
2^m^rr^^ttu:.. 6mmm\m< (tcri. t 
CRQ) ikmmmmmwmmM (s?o\, spc 

pscl. SpscQ) t\.X\m\m'J:)mhi^S3{m^''}' 
1 0 0 7 9 1 mtilimW'kimMi^ 8 2 ri:. 8 (r.?f> ^ n 



(10) 2003-169369 
V-fMAsfV^ (S/W) 3 3 3^. f->7VMvU^ (S 

/H) 1 3 2^^iixTv^5o ::r-c. -y-v^^gvi/^ 

(S/H) 1 3 3^. f-y^yi'.-jvuy (S/H) 1 

3 4 «!:^iliix.'Cv^^o ::r-c. ^j•y>^/^;J^y^y 1 3 3 

^>:/PET' lv:|HjJJlU-C »/>'y/Ut-Cjn-/u K 

20 

jJvuy 1 3 1-1 3 4-ien-^'tt;6^f>di:^3^ti3^cC'-^Uffi 
o'i>r. ft:1-lilflJ47t?1^fliJ11coigJ^*^t (Spc I , SpcQ) o> 

1 3 S^iSgxXl^S. 

If k - ^ a IS I ^ r rfli^>^1^ 15^1 *?>ii&' ^5r -y- > 5 r ^ 

ic LTV ^-6. (/:>•/:: i'), 'i- ^Jy'/^/'i %> i^iVj&i^'^ 

30 1 8 6 fi. v > /JOujiHiwK -y- > y !) > ^ >- p e 
T' ^^K^iJcurv^^o 

10 0 8 3] Ht|nii]llil:li?^lj 8 4 ri:. U 9 tC;j< $ ;| J: ') 

1 4 1 (?)M5;j(^;|^^^V^C. i-J V V^jf 'XUlk 
0«i&Xi:T5/ |,//^ ^>ySTMJb|i^JtllUitHJ'>'-/y 
^ ^ y ^ P E T ^*!^^^m'ysW^sL% 1 4 2 ^-fe'iU 'C I ^ 

--•:^/(^>A:^j//|/i r- CSmt«M1i«S 1 4 6 ,1:, 1 4 

oy\^-)ioyK)mi')knw^\%\ 4 2'>^iuj(rcm;j-i(--&>< 

-x-y J 4 7 <^Sr«ix"Cv^^o 'l^^o. ;<-x-y 1 4 7(crJ:, 
W^^W 4 2?i^b. EIS:^^ ^:>^i/MTMi4U?^tSl^i^!i? 
(^^y-fe-;/ hffi?f<RMC/ji(J"c.i^t;^itri/^'&o 
(00 84) a J: 9 ictoJt^s^ttitliliMKfiiS 4 "Cia. 

fjjjiii^in 4 2;{i^^^l- r'6fiiiiy:^'< ^ y/MTM(cjie;;i: 

50 om\mi^r,sm: l /t wi^jfiii^jfi ppsc c^^fa^/^^^fMS: 
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PET^^^.J«L•C^I|;;31~'2)c 4^*5. ^-^C-y 1 4 1 t LT 

[008 5] r»ti 3 ^) . -ir/n^-=;^rfiJ 7 J 
mi^ (s c p) 8 5 mmm&^ ^\cx.hmm 

H1fe?im^^ffL!mi-<:>^^y (MEM) 8 6i:. JlliHrn/tJ^IS 
8 7 <b^{<fiX.Tl^6c tnMlJ-li^-B (SCP) 8 5(i. .!;. 

as LAi^iiijii^ai 8 4 tb fiiiii^ ^ 4xfc X p y h ^ ^ ^ V y S 

s I w Q i mmi^h^ \.r:L%2nm'=^-v (ss 
c) Kz.wrYyy/Moym\^- i /^)c^> a:jiT. r i jijt 
^yigsfili ^//i'— /J iv^')) sc [1] I. sc 

SC [1] Q, SC v/A Qbom^mm 

'jti£i;fli8 7;6^f:>fi, Wllll^itfc V A $ >'^F TM 
»:W^'')ar<f n/ix 7 K<^yu-7'S CMC ji< 

10 0 8 6] flilJ^l-Wmi^u 8 5 ^^t . II 1 0 IC>ji tliS J: b 
{C, Z(lftlWX^^7-V (SC) X 5 01-1 

5 0z<£'tfjix.ri^'6o wixbc/>x v>f >i/flJ« J 

5 01- 1 5 02 ^;ixmi^r.t I jjic-5^sm<^^J^ s I H 1 ^t;« 

] 5 02 ( z - 1 - Z ) I /iJt^>:5:mm o- s i m 

G [zj J &U^QiiJc1^>([j?ilriii/yl-"-/SG I /J Q^om 

5>A [z] Q^rm;jt<:)J: ;>{^4*oTv^^, 
I 0 0 8 7] X y 4 rV v^tniM^iiif 1 5 02 {-i, !«! 1 1 

y^u-y sG [z] I ^t?--)ffi^4rW.-'^6MJCi^!M 5 1 



(11) t*l3fi2 0 0 3 - 1 6 9 3 6 9 

2^ 

sm\^4 (O'^liharw^'^m-wm'^ 1 5 e . ^JB 

5 8^^«iixri>6o x^ 
mnm^- s c c ucji; c., x p ^ h ^ ^ y ^/fR s 

TMIc:iioi>r. I ji3c^fi3^1^li^yP":/SG [z] I iiit/ 

RC^SrW'>j1-<:)=^-K^i?ivSfin 5 9iiSriiSxLrv^'5o 
:iX\ m'^y/^/y-mi 57. 15 8(i. .iMLfzWM 

[00 8 8] w V {cWS^ix/iix V 7-V > ^l^^m 

mi 5 01'CrJ:. ix-mMH^j- (SiH I, SiiiQ) 

mmmim s c c j: o xmr^ ^ 'M:Lmm^/^i'- y 

(so [z] I. so [z] Q) «f-iy-/aJ^> 

y'oym^i.tt^) tommm-. Mink, wmi 5 1- 
20 I b42kwm^^^ ss. ^ sQ\z.^^x. ±mLtzm 
mmv^imv 1 3t^o:>m>^tmmiz.i.xvm\-^ixy>, 

[008 9] rj- V'WA'M Ib^iiy^l yy'AijV\^W± 

S A TIC J: <5^.IWii^fl^>Tv^'n- -) J4^i^ic(i, 
y'UlS7, 1 5 8</)|ii;^jA [z] I, A[z]Qll. 

^m^^- ( s in I . s I N Q ) t mi\ ^'/U- y ( S G 

.10 [ z ] I , s G r it ] 1 ) t o)±mmmvx: t u^^, 

5 7. 1 5 8«IJi;jA ['/] I, A ['/] Ql;t, '^^Wi 

(Sitii. sihQ) tmw/j^-r (SG [zj I. 
SG [z] Q) ^c^>iB^.>^11ISy??.m^i^i:4^-6c 

(0 0 9 0] g.i.o'^.t ') ic^^x -7 -< r >r '/mvm 1 5 
ozii, sfKiB^:;* (sui. siiiQ) tmii'/ji^-'y 
(SG [z] I. SG [z] Q) kom\mimH'X:^m 

iii. o{c>T<jHix-&j:o(c. flj|XJ©iir,iiii8 5/i^^rjL. 

Smf^-^- (Sifil. SiwQ) (SG 
[1] I. SG [Ij Q) ~ (SG ['/] I. SG 
[Z] Q) ^tl-eixi:f:>«iP3!jat/J.lSiiii (A [l] I. A 
[1] Q) (A [Z] I. A tZ] Q) /j^a^jj-^i^t 

[00 9 1 ] i^3ic®::u. flm»ajt?«8 s/)>hi\yjj'^n 
fzmmmmh (a rn 1, a rn o) - (a 

Wi I. a [Z] Q) a. y 8 / 

50 -Tr y 8 6 |Aj{cj!titSc54't^o lllli'im'yililHi 8 7 rJ:. ;^ "j 8 



(12) 

2/ 

ef}-Cj,^immni^^ (a [i] i. a en q) ~ (a 
[2] I. A [z] Q) ^A^m. miWf 

A£^8 7fi. ^ommmtmm (a [i] i, a en 

Q) - {A [Z] I. A [2] Q) WS-^l^T. yi^- 

[0 0 9 2] -i?/H>— ^"iifH 7 J f-J:. .l-.i>BL3t«lMI IQ 

^^i^{i8 7:^)^fbf|Jc^a^tvfc7U-A^^ ^ :/i/FTM^: 
iifeffl Ur. I ii)c5^Smm-^-S IN I mJ^Qim^^KW.^ S 
I H Q ^ 3iitl! i.^ r^' Jll L T I > 6 ^ ^ y > y /I' - K x^i* 

5 R >il?itd) ^ - K w I (J^JIT. f 1 /iJt^>^41i - 
KJ ^u^')) SC tn I. SC [R] i;ftT/Qj>Jt 
^> (OT. rQi.3t^>^-ti--^-- Kj <^l^9) SC [J] 

Q. SC [K] <^k.oym^^m:^-\'hmm^\m\ 

% (B [1] 1 . B [1] Q) ~ (B [R] I . B 

m'^~h%\\\\% 8 9 1 - 8 9fi <!: . %mm^'h%\\\\% 8 9 1 

-8 9RUJ:5JJH.iai^Sth [l] --Sth [R] 

8 ±kE t ;t^lj/:tii|^)jrAlJ 8 7 •^/Jiv'i iS^^xj^;: y u— 

x^xumi 6 0 t-^hKmim-'mm^.^- s c c 2 

v^y/urj-.- KscM/i^Ti:/jc5^^^tr 1^-60 ^0 

[0 0 9 3] tl^[?H1^MiJfB 8 8 . 1^ 1 2 ^f^^i J: ^> 
{C. Rfl6lc^)xv^7-V>'<^'^-Hiy;^;^ (SO 1 6O1-I 

6 0 1 - 1 6 0 z ^•tt-^e'i'Liri j: \ s^^^^At'^ S i m I i&O? 

1: r ] I jkxfQimmm - k s c [ r ] Qt omm^i 

I 0 0 9 4 J .X7-frV >'^ti3M J 6 Or its m 1. 3 

(c.T< :! 1 5 J: 9 (d . Jiiili U :^ 7 >- ^^1^1^]^^;^ X 5 

f'-f >^f'+HlJa»S 15 02 =1- K-Je^lilj;^ ) 5 92 ,1: 

inpj^mi 6 Or 11. I luy^mm^tSiH i ^ i js^>tMii 



m\\ 2 0 0 3- 1 6 9 3 6 9 

c [r] Qtomm^tmmi est. Qi*»s 

imt^' SiuQt 1 ;«^>S^ffl='- K S C [ r ] I ,b 

Ai^mmtx 6 or(i, SSJ3S1 6 Ko^iih.Wii'm 
1 6 2<oMi;;jta^}^i 6 ^m\nhm\-km\\'Vw^ 

6 0 ^'^^ om?^]!A% s c c 2 icj^; i: . yi^-M. 

iyWTM^cm^^'x. }mmm:=^- ksc 

tIt/jcT R C kliVJji-^^'- 1 6 9 f iSriffllx.r 
[0 0 9 51 >l<':'.4: 9 v>f 7-V ^^i/+ll|.J^J 

^} eor-ccj:. ^imm- (siHi, sinQ) tm^^ 

(SC [r] 1. SC [rj Q) ir CO®#|fi^ii^ ^ 
16 1-16 4 JtkWXi^^'^s 3 6 5. 1 6 5 {Ct o 

[0 0 9 61 V'm-.?A\ 1 6 9 r /}'^±X0:^^)- y /{CO 

7, J 6 8W,'ii:;jitJjB [r] ). B [r] QrJ:. Sft 
SimQ) t«='-K(SC[r] I, 

K«'«il 6 9r;i^-^^H5w^J-■;^7'(Cov^r^'>ai5^4^^^^o 

<-T-^#i^t-ii. i/i^y/y^-ziiin 6 7, 16 ^ommi 

[r] I. B [r] Qri. tSmfEJj' (S»« 1 , SiilQ) 

t§iM--::'-K (SC [r'J I. SC [r] Q) kOV^'ri 

[00 9 7] #viiflfr» 9 0 l-J:, 1^ I 4 iciji^5^Jx^ J: 0 

mw^}im\'i\%^ 91-8 \)v^t-h\^j)i^Mz.mw^})o:> 

?1c;H^^ii}iSih [I] -Sih [R] -^-ixm^'^tftSMl^i- 

1 7 1 1 - ] 7 1 « . %mm^\'^'^^ 1 7 1 
1-17 \^'h^ho'>\\\)i\ak"'^\i^x. ^m')>ok\m'h' 

-5 ^ J^ai isl: ill L r t ^ ^ ;^ 7 > y - K s c M ^ 

tSiilii 7 11-17 1 «<7:)'^iL-ie'Hl^. .VM\.1tWMhm 

SJi 4 1 i:[pi]ai(cfii¥/&^ix'c^><Sc "h'tiit^^'y. %mm 

Sih [r] k-tj<r>K)\mX'k^\'Y^ 7 6 



(13) 

2.? 

|-trffi;'3-r^P«^y (MEM) 1 7 7 

^ >'^MT2iLI^^1gF'S53f« y hm.7^RM;4^^»^*fti2Fn 

[0 0 98] RJi(7:) J: •) ^mhH^ixf^Wl^'^^ o ViX. 

^\mu^i6\-^^'S:im^s\utmm^-h^ (sc [u 

I. sc [1] Q) - (SC [K] 1, SC [K] Q) 

ti':>tOIJaM^JxfliiL/i1tlB»re:^3Sih ti] --Sth [R] lo 

A'^mmV^^^tl. ;^--E-y 1 7 7i-I 7 7fl{rEti^tl 
^/i. .»t'i]fin 7 2;15'$B^I-i-6y-fey bm^jU^Mlc: 

/S:Wra'iyjSth [1] -Sth [R] (/mWrn^Hm^Z.^ 
-:5t^r. T=IJ55rf^n 7 2 y vyyura- KSCM^ 

#2e'UT. liVji-^r. ti::if^. 771-1 77r^ 

H^'n L r fl. hjiBco •=& y J. 4 1 t WAmi^. 

y > h ^m^y y ^ iyy^ ^ ii^f r-^-iiliJIJi-^) w ^ /j^-c 

[0 0 9 9) a.h^'^.fc 0 \^Wi\^^h.fc'\^/\^-^y-^Tm i \ 

t07 (teJ4^j!(t) id^JiRi/jyjiil^iidJip^jig^Rr-^-^ 
m (PCRipo, PCRQpo) J tiAiii^b(^:>ti'^, 

29 1. 2 9Qlr:-C^')#Agi5^?4-^^i--^5rir{cJ;|?. 

I iCiiiit ^ -vyl.-/-/ U ^ y- 1 0 7 ([«| 4 #lgi) L 

r > tllI3ijillRjll^3^:M I- C 2 J; 9 if 'f /t J^i^llUi^J ( H C R JO 
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Ipo, PCRQpo) ^mViiLX{\\M-^tsZ.ti:m^Mr 

^./Uii'i^i o7omj)oymtii^m'i^%^m^ (i*cR 

IpO. PCRQpo) <7:>ill:/3i^«k"Xi:i^S. ^fc. i1i»)»6 
0(;t, -^/W-T-'/UtJ'-y-l 0 6 (1§I4#!K0 \C'^\\^X. ffl 
g^l^tl^i^>j'<M F C 1 ic: J: 9 ^l^timmi) { P C R I po, 
PCRQpo) $ri«SIRUrMi;'jt'<|:wi:$riifi^aii--5o ^ 

oyMii\^i:'^5i^yit'^ y^- hy ^ wt. -^/i^-T-^V 

^ -y- 1 0 6 (?>/ii>/j<oiiti^^ii#AEKii^Kiji;a ( p c r 1 po. 

PCRQpo) (DWn^Wt-fflir^o, 

[0.1 0 3] fii^. mm%^(M!t. iMoA^mmmti-^^ 

MFC2l;:J:-5-vp/-/- h '^-ryu^i^s i \:Lm"^^l^%^ 
i?«iV}ls>7*< S c C 1 i4 (J«tHl5gftii®lliyi«ifri>r< s c c 2 ic J: 

[01 0 4 1 C(/:>^;itrc-tryMJ— ^-{^Ii7 i lc^g:i^fS-F?-s 
IN (Sml, SibQ) fi'^KM'Kits 

^fli 8 1 it. (\'mmy\\m c p c r r po , p c r qpo) 

Q) iur. liilMMyiiS^^fiij^iis 3'Mri)(tr/i;;;/r'}-^. ?r; 

ipo. pcrqpo) '4:. {{f.mm.^\mmm (s 
PC I , spcq) t L'c. mmm^mi^'^ii 2^^\tMx\\\ 

I 0 1 0 5 1 WmmJMHM^i H 3 ii. >^ n h ^ ^ ^ > 

^miliJliW^lte (Spsc J. SpscQ) 

-etf)$,^=iiH»psc^&iiji,m8 4^in)i;r,'UM-5o w</:^in 

l^vliv'; Ppsc L/itili/Hi^lJ 8 4 fl. l 4 

nmn 1 4 2 mnmm-'k u r , y > ^ ^M^^*?!S:i-'< 

1 1) oyy^ a yh^^i>VS TM^irjllja} L, mi^lJiaii^U 

></sTM{::injjiij'j-^-y->-/y y^W}^^^ i> 
/PET$r. miinJ^^f^^^ifeiiirciJS 2--ini(trili;/rJ-s :i 

[01061 C -) UTg5 1 iiW^>^<5?^Ti-^ <i: . >^ v' ^ ' 
2 0 2»wi^Dlt<[):7lx-.A^'^ ^^'i/FTM^/iWlMiiit^y^ 
^yy/yLTj-- Ki//u--y*SCMG(?Pit^f';arWJl (S52Ii^ 
|i») ?5W?i!5dX'6i: ^ ^>U, Ts-ry /'i \ 1-^2 1 7c^> 

)i\mmmM.x\x. %'\\ y^v- y-fixwcn^^x^ 
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[0 10 8] y^7'-^-7'2i 2x-rt. -t^yi) ^ 

> 1> E T {z.^-i\.^x . '213 L fzmmmmm^ mwM- 
(spci. spcq) ommM-j)\^tsiiz>^^<K>\i-i/^ 

[0 10 9] ysTy'/2 1 3(C4=ol.^T. ^1% 



^y\yftv^'r^tt \^^. ^y^y-ZiVA^fV^A 31, 1 3 2 *2o 

CF(t)=Spcl (t)+j-SpcO(t)=C-exp[j-2;t • Af-t] 
C=((Spcl(t))2+(SpcQ(t))2)'/2 
[0 115] ^r-?ST% llvV^iJ tJw'^vy/Mx/Ut/l 3 1 

CF (t) - CP (t-Ts ) =C • exp ( j • 2 R • A f • t] • C • exp [ j ' 2 71 • A f • (t-Ts ii i ) ] 

=C*-exp[j*27r* Af'TsBi] 

=C2 • (cos(2 7r * Af 'TsmO H-j'Sin(2 7c • A f 'Tsui)) 
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1 3 3, 1 3 4{LX->x-^y:yy**J y^/ir^. i'tahh^ 

y 1 3 1 --1 3 4lrJ;-51^>'.7'y >^^{-<t»3. 

[0111] wMm^m\^^'S^^ '6s\t. zo Lxm^x 
JO /tt*-^y?m^'^mx/:i zmm^^n^immmmmm 
mimc}^^\*^x. t'-i^mm^mxtz2m^^cid{iyoitL 

[01 1 2) czT% M^^im'^momii\(^mm{cr^ 
^'xmvr^. 

[0 113] f>:4lilfi^^liJjlHil^+lJrx^fpK (Spc I . SpcQ) 

t. &.o:> (5) ^Rxj^ (6) ^xik'^-:Lt'/^x^h. 

[0 114] 

* ■ (5) 
... (6) 

TsbO to:>m^mM^^^ts e*cf) (?) ^^o:> ') [c^a 



(0116] 



(7) 



[0 1 17] uch^^x. umAmVymv 3 r>fi. ^11 ,?o 
BMCF (t) tnmmcv (t-~Ts«i) toynmirK 

in(2jr- Af-TsHi)) ^5j^*!>yita. fko^i (8) 

ti:i^i):iMliiJfl^nij^]f9kl?mc:*Jit P s E (-2 • 
Af-TsH!) ^'^^y^Zth^X':!^^,, 

[0 1 1 8] 

PSE=sin-» (IMP/C2) •.• (8) 

(0119) zo \^x'AKif>hMim\mm^ s z\t. n 

mu 7 5 jft uJfiiijiaiiJB 6 0 (i. iifiiii ^ tb/-ft£tiisiii> p s E 

[0120] 

Af=PSE/(2;r-Ts«i) (9) 

[0 1 2 1 1 'A'r-j'-/% 3 4lc:*JVNX, n^tHi 

mmmi^^'h^. (9) iA:{c:j;oT53aij;5^it/ci^?iiiM 



[0 12 2] 2>:irve, XX 5/^2 1 5(c4^jvvc\ mU% 

»:1:;^7^^/'7'2 1 1 --IjJff-^-So >^7-y-/2 1 5 

[0 1 2 3] X7^'y/2 T er-li, f!iJj«5 6 0;6\ k^Wi 

[0 1 2 4] Xr 2/1/2 1 7X11, l!iJj»i6 0/j\ >;/ 

^15.1^ s c c J , Zil/IH!i^]riM'4?;ifH«im^i^ S C C 2 J: iilj 
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Z^X\ h7^yu^i^{i8 1 l^/tLiitR^f 

•*/-'ir-;&^Ji)iJ;(i L/i:/)^o tzm^i:.. 2 |i7l Ci £lPf.<o^ i -ffi 

10 12 5] tj:t6^ :^if'yy'2 1 7 i^^i'^ ^mmtmjj' 
mix. m^l'^^^^}—i'oy^^--t^i^Bmomm{cmmi' 

10 12 6] y^'ryy'2\5. A'ryy'Zl 

•^imn'^ii^fs^^h.-^'^x\ ktLtmmz.\^x^ -^^-v 

[0 1 2 7] J^.h</)J: 9 4^>^7'y7''2 11-21 7U4<i 
t Ml L T . r v / 2 0 2 24 (/x 7- -/ 2 0 3 /i^ll^ 
(01 28] x^r >;/ y 2 0 2 Cii:. :!l*jrJ:#/£Kii5HMm 

T. ^fma-HJ- s I II (siHi, sihq) t. Vimfmmm 

S C C J {ci o -Cll!'/ii- ^ n/if^M i/yu-'y ( S G 
[z] J. SG [x] Q) c?)ff|S^>^|llM (A [z] 
I. A ['/] Q) ^J^Mif/j. r-t/X!>)L/j:l^,'im(^)«jj.^4f( 
(A t/J I. A LzJ Q) its ;<-=L-y 8 6lc:^f$^iH5:ix 

[01 29] . jihin^'f/iriiiJ 8 7 i\u > --e y 8 6 

/J^f^mite {A [i] I . A [1 ] Q) ~ (A [X] 
I. A [Z] Q) ^SrdjSc^^mL. -iec^liS^mLJ^iiiM^iLS-^ 

yi/rj--K^ryU--7\SCMGC':)4^f/J2'^fr9o ^UX. tllUli 
it/:: X 1;/ V > -/^^ - K - ■/ S C M G 5r s 
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[0 1 3 0] 2»ci:i. ^xty-/2 0 3i:::^3V^r. jfitiR^tt 

\m ii^^JII L r V ^ X ^ 7 > =^ - K S C MCO^^si- 
t7i>ixS (%^mS) o /^^A^^x^^^y/ua- KSC 

CC2\-XoXm'^tfl1tmWi^-V (SC [r] I. 

sc [r] Q) (r^i-R) ov^^^^y t oy^mm (B 

[r] I, B [rj Q) ^r^.'liL, tmW.m\mH9 

[0 1 3 1] \mm'JM\m^ ^ri-x. mm, (b 

[r] I. B [r] Q) oy^)y^%\\\\.. ^OliViliSih 

[r] i^f^-iflio 0'-fr^i-jrMi:>'j''f ::t'>lim?S;'js 

tn [r] ^^m\.tz^ii^%^ OXIX. W.mM%%^ 7 1 
;6>fliM-^jSih [1] --Sth [R] ^fi^^^^rWM)m 

^co:>mi\^l^-i^^XWi^tS^l7 2hK Bm^'^^^ 

MC^d-iT^Xiit, WWi^^ieo. /<x ij-'-f-}!f|57 2. 

'V :^^^^K'5:mifHi 7 3. Jikt^Vyy y'j -/-V y^^^i^&i^: 

3Jim^':>M?0^Ji^Ti-<5. >:^4o. 3^31ii^pRc?>mJ3||?!)^^j^T 
'^6*1:, ±3iliLfcJ:')lcx7- y7''2 1 1^-21 7 icmf 

[0 13 2] X7'.yy 2 0 4IC^dl^r. hv^^ 

y^f- VV^/i-^fi^/iP? 4/»^ -tryl-«;-'~^fili7 1 «7)i|*it 
t(lJ9 0/;>^{Jt|^f:!5n/::X^ -7 Wyi-n--- KSMC^filiJII 
LX. •^m(;iiiSiM (Sinl. SimQ) lif^d;i'L-5Jl:iiB 
P :y bi/'-Wt/l^ (CP 1 CH) )i3c^7>^i^-^i;l&^lLj^|l 

Lfcfi^ma^-^^^x. ')><^ ^mtt^<^mmmo^ 

c^-^mrxt\yjrr<b^ immmm\^7 sex. 

^^amxii^M'^^ iM»:^nyi'^6di£iffis3orj;, smu 
fzmmmmmA<v c s\z.'i;^^x . -m^^^ n y^^^m;iu 

[0 13 3] zo uxs m^mhi&oHmmii->ix^^ 

(0 1 34 J iDj Mm Lfzx: ^^mmmxit. 

'J^^m\mmWJm^'{m ux. vm\^^J^''^-^'(ir\w^ 



-15- 



(16) 

29 

T T ^ /jr o /ifl5^,iSr -C, -fer yn/ - ^ 86 (Offl liaftu'lS 

[0 13 5] /£t5. Ji^^mmmx-n. mm-^mim^r lo 

ut (7) - (9) jK{z.i6n^'>t''-^mmmrsH\^ 

'Auy v\mmmTzi{cm\^y^x^n^^rr^^^^ 

[0136] -^3^::, ':if^%mmmx\'X. 1. 'y>^\^Mm]n 
,y 1* m 3^ S Ijgco fc*-- { t -6 

[0 13 71 iTi/c. ;|:^;ji£«f^-CI'4:, f^.'Jl^nfcJSJjM 
[0 1 3 8] :4s^^M0titliyMiwJ.'MMy^^ 

X. mifumumis. f ni^xTt^^^-^xMm 
f ymm a r i i^t <»: /j: o x v > <s <b r-ijirri' 6 r ^ 

ft 5 mm~^'\z j: »3 tHi 6 ^ <[: /J^ X ^ 6c 
[0 13 9] iMI-«Ki|Ti^*iJ[|]1^<)Ji^f^<c '^'4^ 
mWMU:!hS{^ '6 m 1 5 cf) X r -y^* 2 1 4 , 1^1 1 7 {c::ro 50 
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HO 

•^fc:iiM^;^v^5'y2 1 5t::»tT$-ii'ttlJJ:(/\ /i: 

Hi 7!c::^Jl^Xli, 1^1 5 Ic^Jlt^^x y T'^i^v}? t 
[0 14 01 «m2(7^aiJii[^!i» iJcli, >ti:^J!ljoJB2<7.:> 

^§^col^-c3il3!5i-<^)• ^^4o, i^iT(?mfljiiw*oi.xT. 351 
[01411 %%\im%<f:>'\Lii^'&-^'ni 1 ii> 1^1 8 

ic^/N^tt^,): '>fc, .l-.^^?>l^fl3lc?^^$i't-5^l^-^aiilI^^§ 
•«> ^ > / p E T Qmm'mt>M\ 

PC I , '^^^zQOYJrh'^^WxtS^X^^h, 
(0 14 21 {iiMim^m^^ gll DiOF^^x 

PC I. SpcQ/j^b-^i-^^^y ^ :^i/l*l£T* ^^IF. 

j.3ci-6 /cy;c?)1fimfG:>'r#iHl;^l 3 7, l^-:^' ^jJ^MViilU 3 

Wiin 3 8*i. fl3|5?M/J®.m 1 3 7{cj;-6fflisa;t:/jp 

X y y^i^- y y -< ^ /^yri/ijc^'Jii i 3 9 l 
^x . y y y > ^/iJ' ^ :i > / i-: r * ^^irjji 

L. ■^y>-/)Vi\\t\.¥ \ 3 1-1 3 4{Cfifc|^i-<^J: gic/^ 

[0 1 4 31 a±(?.>.l: '>ir.mjijl^tt/c:^3i:Jj1aji$li^«l'^ 
*»/~^/-i?IS7 iJi. aiy«6 0(CJ:^5)aiiW6^>ij^X\ JlJilT 
^) J: 9 1 w L r ^ tr 9 « 

[0 3 'I 4] LT, m'KMdi^f^fi<?>i£-l^<i:|Ujf3i 

7V^Hj- 1 0 5;j^l/vyU=?'-yU';J'i^- 1 0 7 (!a4#m) 
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3/ 

[0 14 51 :ifc:^'M^filC:*=3»tS-l?/U1^-^-W*aairJ:, 

1^1 2 0 (ciji^iL^ J; 9 ic. oymmmicm-^^m i 

mm\m^iy.^Zt. RV^. (b) >^ryr2 i 21c 

[0 14 6] X-7y7'2 0 liC*3V^-C. ^1 

ni:>ix^o coxr $/7''2 0 1 iciiufK^ifhHliii^i! t :WT 

mm'^'/^'ry^/'i 1 2' '-^^?jt<5, 
[0 14 7] :i(/:>xv-ryy2 1 2* T'li, {iiftlSSl^tj^i/U 

irYtit^^^. Myje-^) c^^^iiii^^TPc ^'Ur. 
it i% > -y y > y > ^/^i-j^Jcftii i 3 9 ^Wf^vh' 
[0 14 8] \\my^-'j^^\\\^m%^£^^') 

[0 14 9] iUi^, % I (?^3^lte0t§«f:liTH5lHcL-C. 

i& IX c'^ilir^iLLi^^UA (/111 I^J ftii 1.^: 

10 15 0) ^x\:m\\^tL:^.')\^. '^mmm:.x,^ 
iSr 15!^ iivr <3 . -^e u X . ii 'j- - f- c/:» 1 mts t 

'/jmjJ^<^Mm A f 1 K <b /j: o ^ -t-iji^Jr n^P .'!^; X . 
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[ 0 3 5 1 ] fsiU. '^nm\m\^'is\i^xh. vmuc^^, 
[01 5 2] /j^:fo. jLUo:>^nmrMx\'X. 9twmh^^ 

[0 J 5 3 J 

JO n'jm^mniLxmw^/^'9--f-^mMiLit^. f^mi) 

> ^ t^muct^ ^ ^Bm ommmm^^ t mm o>si:im 

o> m mwv i'^ -)i m ^ my^ m m -Jj m/)- h ±\m m i^s 

^'^X$-6 

[l^;^li?iT<ofiii.Hi/.d%i])Jl 

[111] ^ \ oymmmo-im^rmmtiommmtmiii 

^£-S'mxhh^ 

30 '6c 

[ la 4 1 3 { c It -6 -v- 2/ -7- h -7 ^ ;u ^ iSr 

mxh'<>. 

;iKi£r7T^-M^X'.1?.6« 

Il^l 1 0 ] i^j 3 lam^^ y i^-j-^ '/^ ly y^ili/imt/^ 
50 I m 1 3 1 I 2 (c ts ri <5 X 7 r -f > :/tlJ 
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[1112 01 ^2oy^mmmam^'tji^'^-'m\m^'^ 
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m2 2] '^ji^'^y-'^m\::.'dim^f\.^&mm-hoyx^m 

\m ^ WH t -5 « fel T' ^ c 
[1112 3] t«5l^<7)ir/^i;--f-ibtf«:jftl!^i--5fci^>fi')7i:i 

{i/jw^^«ii.ui^ mm^^mcm-^kQ^-n) . sa- 












vcxo 










< 

vcs 





I 



62 • 



□ 



43t 



44v,r-K~| 

i|9 48 47 46 45^ 



LPF 



421 



0/A 



LPF 



0/A 



^43Q V420 



40 




^16) 



il 2 1 1 



(AO 



Afi 





Afr — >< — Aft 




e»nfl(T) 



-18- 



(19) 



2 0 0 3 



[112] 



SM(SlNl.SiNQ) 

— — — ♦ >l 



71 



39 



VCXO 



vcs 



PSE 



72 



73 



74 



76 



! 66 

J 
I 

I ■ - 

I 

I 

-■I- ->i ; 

I 36 

I 
I 
I 
I 

1 
V 



30 

/ 



[1:^13] 



71 



60.. 



SmI 



SinQ 



FTM 
< 



I 
I 

L, 



65.. A 



'81 



MF 



MFCl. MFC2 
Si*Cl 



SpoQ 



SpscI 



SpscQ 



STM 



83 



82 



PSE 
PET 





— 9* 










PPSC 


n 



SCP 




MEM 






• 


A[z)Q 





FTM. SCMG 



SCP 



bCr)i. 



891 



B[R]Q 



:^9r ■ 



90 SCC2 



SCM 




PSCIp.np 



t^f 2 0 0 3 - 1 6 9 3 6 9 



[iii4] 



SnO* 



SIIl 



MFo 



SIOlJD 



MFC1 

105- 
MFC2 



SHjo 



SIOtD 



PCRIo 



PCRQ9 



PCRIi 



INo 



44 



.10lP 



SEQpI 



INi 



OUT 



SPCQ 



81 



PCRlP 



ADD 



1031 

/ 

TCRI 



PCRQP 



1030 

l/ 



ADD 



TCRQ 



it, 



INp 



it 



INpm 



SpcI 



w 




w 


INq 


OUT 


INi 









SpscO 



107 
SpscI 



(1^5] 



SDaO 



SIQii.o 



111b 



IIIQo 

^ 



SIOp.t 

— 



1 13pjo 



PSCIpX) 



111]i 

^ 



3iS(D) 



S]l|)>i|» 



IIIQi 



iSli(O) - 



CPlpjD 



PSCOptO 



PSClM 



101i 



i3iS(o) 



SIlpHjO 



IIIQni 



S@(D) 



SiOpMX) 

> 



CPIp.1 



1 1diuto 



7 



CPQp.i 



PSCW«» 



> 



1151 



ADO 



PCRIp 



CPQp.Ni» 



116Q 



ADD 



PCROp 

> 



PSCQpjJp 
119» 



c 



1 



201 




202 



203 



204 



c 



5 



-20 



(21) 
11^7] 



m\] 2{)03-J 69369 



TSL 



P-SCH 



} PCR[p+ 
i'PCRQp I 

I TCRI+ 
j-TCRQ I 



< > 


1 












>. 



135 






^136 


PET 

> 











PET' 



-21- 



(22) 



2 003-169369 



^9] 



.1 01 



m} 1] 




142 



SmI 



SinO 



PET 



STM 



MTM 



1501 



A — 5, 



1502 



SCC1 



STM 



150z 



85 



A[1]I 



A[1]Q 



A[2jl 



A[2JQ 



A [2] I 



A[Z]Q 



SiMl 




SCC1 



STM 



SG[x]Q 

SAT 



1^7 



1 



AU]I 
> 



158 



"T 3S — 



SRC 



aU)o 



im i 2 ] 



SinQ 



160t 



(I — > 



— > 



1602 



SCC2 
FTM 



160ft 



85 



BIIJI 



B[1]0 



B(2JI 



B[2]Q 



BIPJI 



B[R]Q 



-22- 



(23) 



003-16936 9 



my 31 



161 



Sin! 



16 




16 




164 




t-KX 




SC[r]l 



SCC2 



FTM 




Z 



SCCr]Q 
TAT 



J 



TRC 



B[r]I 
> 



— Tr~ 



B[r3Q 



169* 



a 1 ^1 ] 



,.171i 




-23- 



(24) 



#iaj iJ003-169369 



imi 51 



1 7] 



c 



201 



3 





202 


r 





203 



t .... 

204 ^ 



i £ 



CPiCH$-'<-xi:f 




212 



213 



214 



,215 




— i 



BO 



201 



pi 

$ia^ 


202 


f. 





203 



204 




.214 



211 



212 



213 




ZTi 1 



m 1 9 1 



135 



SfscI 



SpscO 




137 



138 



139 



(25) 



m'^l 20 0 3-1 69369 



1 81 



2 0] 



71 



65>. A 
*l 



SiNl 



81 



SinO 



MF 



MFC1. MFC2 
SpcI 



SpcQ 



.83 



82' 



m 



PSE 



Spsc! 



SpscQ 



85 



STM 















—^84 



SCR 




MEM 


AU]^ 




■ 

t 
1 


AUlG 


A[2)Q 



SCC1 



FTM. SCMG 




891 



> 



90 SCC2 



1*^ 



c 



201 



3 



$iaR 






202 




V 1 





ff2a{» 



203 



iR3^Rr 



204 




213 



214 




ZTi 1 



2 2] 



CPJCH 



1XQ-> 



iv>?H;w 




P-SCH 



S-SCH 



(26) 



2003 - J. 69369 



02) m]^' 



r ^ - ix mm 5K022 EE02 EE36 

5K047 AA12 BB01 CC01 6G11 GG16 

G628 GG34 GG37 HH01 NH15 
5K067 AA33 BB04 CCIO DD19 DD25 

EE02 EE24 JJ72 



